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PREFACE 

 

This is the third in the series of joint Conferences of the International Conference on Hyperfine Interactions and 
the International Symposium on Nuclear Quadrupole Interactions, and follows along the lines set at the first 
and second joint conferences at Bonn and Iguasu Falls in 2004 and 2007 respectively. An international 
Executive Committee (IEC) on Hyperfine Interactions was established at the meeting in Iguasu Falls, with 
Professor Reiner Vianden as its first Chair. The IEC was tasked with calling for nominations and managing the 
election of members of the International Advisory Committee (IAC) and the Program Committee of this 
conference. 

After agreement among the Program Committee members, the topics to be discussed at the conference 
followed those of the previous conferences, and calls for nominations for Invited talks went out to the IAC, 
followed by the call for abstracts of proposed presentations from participants. Two Program Committee 
meetings were held at CERN, the first to agree on the Conference Program and to select the Invited Speakers, 
and the second to review the submitted abstracts and to select the Oral presentations. Of the 250 abstracts 
submitted initially a few were found not to fall within the ambit of a HFI/NQI conference. 

The Organising Committee (LOC) met several times over the past two years. In this respect the initial 
contribution of Mats Lindroos on the do’s and don’t’s of organizing an international meeting at CERN was 
greatly appreciated, as were the continued efforts of Karl Johnston and Jenny Wetterings who together with 
Sylvie Padlewski formed a very effective and efficient conference secretariat. CERN has proved to be an 
excellent choice as venue of this conference, not only due to the excitement in the science community that 
news of LHC has generated, but especially because of the generous support we have received from the CERN 
management: the Director of CERN agreed to provide free accommodation in the CERN hostels for up to 50 
students and participants from developing countries, as well as made available free of charge the CERN 
auditorium, committee rooms and poster space, while the ISOLDE Coordinator agreed to fund the appointment 
of the conference secretary. We were able to secure some support  from the Abdus Salaam International Centre 
for Theoretical Physics (ICTP). We are very grateful for all the support, which allowed us to keep the 
registration fees as low as possible. 

On behalf of the Organizing Committee, we wish to express our appreciation to all members of the 
International Advisory Committee and the Program Committee, and wish you all an intellectually challenging 
and socially enjoyable conference. 

 

   

 Krish Bharuth-Ram Guido Langouche 

 Chair Co-Chair
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Monday 13 September 2010 
 
 
 
Welcome  – Main Auditorium (09:00-9:15) 
 
Atoms And Ions - Main Auditorium (09:15-9:55) Convener: VIANDEN, Reiner 
 
09:15 [27]  Recent developments in Collinear Laser Spectroscopy at ISOLDE, CERN.  

NOERTERSHAEUSER, Wilfried 
 
 
 
Nuclear Moments, Nuclear Polarization, Nuclear Models, Fundamental 
Interactions - Main Auditorium (09:55-10:55) Convener: VIANDEN, Reiner 
 
09:55 [169]  Recent Progress on Low Temperature Nuclear Orientation Technique and 

NMRON SEVERIJNS, Nathal 
10:35 [124]  NMR-ON study of 197PtNi OHTSUBO, Takashi 
 
 
 
LHC - Main Auditorium (11:25-12:05) Convener: BLUMENFELD, Yorick 
 
11:25 [179]  THE LHC MANGANO, Michelangelo 
 
 
 
NUCLEAR MOMENTS, NUCLEAR POLARIZATION, NUCLEAR MODELS, 
FUNDAMENTAL INTERACTIONS - Main Auditorium (12:05-12:25)  
Convener: BLUMENFELD, Yorick 
 
12:05 [35]  Study of Dependence of Quasi-Particle Alignment on Proton and Neutron Numbers in A= 80 Region 

through g-factor measurements.  ZHU, Shengyun, YUAN, Daqing 
 
 
 
SEMICONDUCTORS, METALS AND INSULATORS - Main Auditorium (14:00-15:20) 
Convener: HOFSäSS, Hans 
 
14:00 [51]  Donor-Acceptor Complexes in ZnO DEICHER, Manfred 
14:20 [25]  Angular correlation studies on 172Lu(172Yb) in GaN and measurement at low 

Temperature VALENTINI, Riccardo 
14:40 [59]  PAC study of the dynamic hyperfine interactions at 111In-doped Sc2O3 semiconductor and comparison 

with ab initio calculations MUñOZ, Emiliano Luis RICHARD, Diego 
15:00 [32]  Temperature dependence of the hyperfine fields of 111In in sapphire (Al2O3) 

single crystals STEFFENS, Michael 
 
 
 
NEW DIRECTIONS, NEW DEVELOPMENTS IN METHODOLOGY - Main Auditorium 
(15:20-15:40) Convener: HOFSäSS, Hans 
 
15:20 [15]  The concept of trajectories in the Data Analysis of Non-axially Symmetric Nuclear Quadrupole 

Interactions BUTZ, Tilman  
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POSTER SESSION - mezzanine  (15:40-17:00) 
 

ISOLDE/LHC TOUR - Main Auditorium (17:00-19:00) 

 

 
 
Tuesday 14 September 2010 
 
 
COHERENT PHENOMENA, SYNCHOTRON RADIATION, QUANTUM OPTICS – Main 
Auditorium (09:00-10:20) - Convener: DALMAS DE REOTIER, Pierre 
  
09:00 [171]  Quantum Diffusion of Muonium in Diamond CONNELL, Simon 
09:40 [170]  Investigations on thin Fe films and Heusler alloy films using synchrotron-radiation-based Mössbauer 

spectroscopy MIBU, Ko 
 
NEW DIRECTIONS, NEW DEVELOPMENTS IN METHODOLOGY - Main Auditorium 
(10:20-10:40) 
  
10:20 [86]  Recent Methodological Developments in Nuclear Resonant Scattering with 

Synchrotron Radiation ALP, Esen Ercan 
 
  
 
MAGNETISM AND MAGNETIC MATERIALS: BULK AND THIN FILMS - Main 
Auditorium (11:10-12:30) - Convener: LITTERST, Jochen 
  
11:10 [151]  Magnetism in Iron Implanted Oxides: A Status Report SIELEMANN, Rainer 
11:50 [47]  Mössbauer study of spin-lattice relaxations of dilute Fe3+ in MgO MøLHOLT, Torben  
12:10 [137]  Temperature dependence of the magnetic hyperfine field at 111Cd in ZnO doped 

with Co CARBONARI, Artur 
 
 

 
 
MAGNETISM AND MAGNETIC MATERIALS: BULK AND THIN FILMS - Main 
Auditorium (14:00-15:40) - Convener: GONçALVES, Joao 
  
14:00 [130]  Fe as Local Probe to follow the Competition between Magnetism and Superconductivity in the New Fe-

pnictide Superconductors BAGGIO SAITOVITCH, Elisa 
14:20 [76]  Muon spin relaxation studies of geometrically frustrated magnets DALMAS DE REOTIER, Pierre 
14:40 [46]  Magnetism in Azurite Studied by Muon Spin Rotation LITTERST, Jochen 
15:00 [97]  Measuring the magnetic properties of monolayers of single molecule magnets SALMAN, Zaher 
15:20 [36]  Defect induced magnetic interaction in highly oriented pyrolytic graphite (HOPG): A local investigation 

using TDPAD method MISHRA, S.N. 
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POSTER SESSION - Mezzanine (15:40-17:00) 
 

ISOLDE/LHC TOUR - Main Auditorium (17:00-19:00) 

 
 
Wednesday 15 September 2010 
 
NEW DIRECTIONS, NEW DEVELOPMENTS IN METHODOLOGY - Main Auditorium 
(09:00-09:40) - Convener: GUNNLAUGSSON, Haraldur 
  
09:00 [172]  Beta detected NMR: a New Depth-resolved Probe of Materials at the Nanoscale  

MACFARLANE, W. A. 
 
 
 
SURFACES, INTERFACES, THIN FILMS, NANOSTRUCTURES - Main Auditorium 
(09:40-10:40) - Convener: GUNNLAUGSSON, Haraldur 
  
09:40 [173]  Development and applications of a Mössbauer camera YUTAKA, Yoshida 
10:20 [3]  Quadrupolar Perturbed NMR in Inorganic Nanomaterials PANICH, Alexander 
 
 
 
LATTICE DYNAMICS, ION-SOLID INTERACTIONS - Main Auditorium (11:10-12:30) 
Convener: MIBU, Ko 
  
11:10 [174]  Synchrotron radiation based TDPAC SERGUEEV, I. 
11:50 [63]  Phonon mode softening at the ferroelectric transition in EuxBa1-xTiO3 CADOGAN, Sean 
12:10 [150]  Density of Phonon States at the Fe Sites in Superconducting FeSe as Function of 

Temperature and Pressure WORTMANN, Gerhard 
 
 
CONFERENCE EXCURSION - (14:00-22:00) 
 

Tour of Annecy (France): 14:00-18:30 
Wine tasting, Satigny (Switzerland): 18:30-22:00 

 

 
 
 
 
 
 
 



12 
 

Thursday 16 September 2010 
 
 
SEMICONDUCTORS, METALS AND INSULATORS - Main Auditorium (09:00-09:40) 
Convener: MATSUTA, Kensaku 
  
09:00 [175]  MuSR studies of High Tc superconductivity in iron pnictides KLAUSS, H. 
 
 
 
 
BIOLOGY, CHEMISTRY, MEDICINE, ARCHAEOLOGY, MINERALOGY - Main 
Auditorium (09:40-10:40) - Convener: MATSUTA, Kensaku 
  
09:40 [176]  Perturbed Angular Correlation in Bio Systems HEMMINGSEN, Lars 
10:20 [128]  Ab Initio Hyperfine Interactions as a Powerful Tool to Identify the Metal Binding Site in Biological 

Systems: Cd2+ in DNA Bases.DIVNA PETERSEN, Philippe Alexandre 
 
 
 
RESONANCE METHODS - Main Auditorium (11:10-12:10)- Convener: EVENSON, Bill 
  
11.10 Recent advances in emission channeling measurements and relevance to hyperfine interactions 

CORREIA, J, Guillerme  
11:30  [98]  Precise Nuclear Moments of Extremely Proton-Rich Nuclei 23Al NAGATOMO, Takashi 
 
11:50 [67]  14N NQR study of proton position and dynamics in some hydrogen bonded organic  ferroelectrics 

SELIGER, Janez 
 
NEW DIRECTIONS, NEW DEVELOPMENTS IN METHODOLOGY - Main Auditorium 
(12:10-12:30) - Convener: EVENSON, Bill 
  
12:10 [7]  Entanglement in nuclear quadrupole resonance FURMAN, Gregory 
 
 
 
BIOLOGY, CHEMISTRY, MEDICINE, ARCHAEOLOGY, MINERALOGY - Main 
Auditorium (14:00-14:20) - Convener: COTTENIER, Stefaan 
  
14:00 [20]  Proton Dynamics in One-dimensional Hydrogen-bonding System in Molecular Co-crystals TMP-D2ca 

and DMP-H2ca ASAJI, Tetsuo 
 
 
 
THEORY - Main Auditorium (14:20-14:40) - Convener: COTTENIER, Stefaan 
  
14:20 [1]  DFT Study of Hyperfine Interactions in Some Types of the Complexes OLESHCHUK, Oleg 
 
 
 
MAGNETISM AND MAGNETIC MATERIALS: BULK AND THIN FILMS - Main 
Auditorium (14:40-15:40) - Convener: COTTENIER, Stefaan 
  
14:40 [90]  Low Temperature Nuclear Orientation Studies of the Magnetic Structures of 

RNiAl4 in Applied Magnetic Fields HUTCHISON, Wayne 
15:00 [155]  Perturbed angular correlation study of the magnetic and structural first-order 

phase transition in MnAs GONçALVES, J. N.   
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15:20 [18]  Anomalous Magnetism and 209Bi Nuclear Spin Relaxation in Bi4Ge3O12 
Crystals ORLOV, Valery 

 
 
 
POSTER SESSION – Mezzanine (15:40-17:00) 
 

CONFERENCE BANQUET – Cruise on Lac Leman (18:00-22:00) 

 
 
 
 
Friday 17 September 2010 
 
 
 
THEORY - Main Auditorium (09:00-10:40) - Convener: PETRILLI, Helena Maria 
  
09:00 [95]  Calculations of Hyperfine parameters in solids based on DFT and using WIEN2k BLAHA, Peter  
09:40 [30]  Electron penetration into the nucleus and its effect on the quadrupole interaction KOCH, Katrin 

COTTENIER, Stefaan 
10:00 [108]  Quadrupole interaction in the solid halogens - a new (not final) look HAAS, Heinz 
10:20 [146]  A-priori calculations of hyperfine interactions in highly ionized atoms: g-factor 

measurements of pico-second states populated in nuclear reactions. STONE, Nicholas 
 
THEORY - Main Auditorium (11:10-11:50) - Convener: LANGOUCHE, Guido 
  
11:10 [43]  Electric field gradient calculations by quantum chemical methods KELLOE, Vladimir 
 
 
SEMICONDUCTORS, METALS AND INSULATORS - Main Auditorium (11:50-12:10) 
Convener: LANGOUCHE, Guido 
  
11:50 [114]  Modelling Complex Diffusion Mechanisms in L12-Structured Compounds ZACATE, Matthew 
 
 
CONCLUSION - Main Auditorium (12:10-12:30) 
  
12:10 [178]  CONCLUSION HAAS, Heinz 
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  Poster session I: Monday 13 September 15:40 – 
17:00 

 

 

  THEORY  

Poster # ID Title Primary Author 

PS1-1 157 Density functional calculations of hyperfine parameters in manganites GONçALVES, J. N. 
PS1-2 4 Theoretical calculations on the Electric Field Gradient in HfO2:Cd  and ZrO2:Cd TAYLOR, Marcela; 
PS1-3  Moved to Thursday 16 September: Poster session 3  
PS1-4 71 Electronic and structural properties of 181Ta in anatase and rutile: Experimental study and ab initio 

calculations 
DAS, P 

PS1-5 107 The EFG at sp-impurities in Zn and Cd - a new (final?) look HAAS, Heinz 
PS1-6 118 Ab-initio hyperfine fields in Fe-Cr. SODRE, Ney 
PS1-7 119 Ab initio study of the electronic structure and the EFG at Ta sites in HfO2:Ta & ZrO2:Ta. TAYLOR, Marcela Andrea 
PS1-8 133 Ab initio calculations and PAC study of 111In-doped (Hf/Zr)3Al2 and (Hf/Zr)4Al3 mixed compounds. EFG´s 

and site preference 
ERRICO, Leonardo; 

PS1-9 129 Electric Field Gradient and Electronic Properties of Crown Thioether Compounds NASCIMENTO, Rafael Rodrigues 
    
  MAGNETISM AND MAGNETIC MATERIALS: BULK AND 

THIN FILMS 
 

Poster # ID Title Primary Author 
PS1-10 8 Investigation of hyperfine interactions in GdCrO3 perovskite oxide using PAC spectroscopy SAXENA, Rajendra 
PS1-11 0 Mössbauer studies of the magnetic quasicrystal Zn77Fe7Sc16 NOWIK, Israel 
PS1-12 13 Mössbauer and magnetic studies of (Mn, Zn)xCo1-xFe2O4 nanoferrites synthesized by using the citrate 

precursor preparation technique 
MSOMI, Justice 

PS1-13 19 Mössbauer spectroscopic study of the kinetics of sigma-phase formation in cold-rolled Fe-V alloys DUBIEL, Stanislaw 
PS1-14 23 Mössbauer and electrical studies of MnxCo1-xFe2O4 compounds prepared via glycothermal route ABDALLAH, Hafiz 
PS1-15 24 Advances in a Bulk and Surface Properties Studies by using Mossbauer  spectroscopy KAMZIN, Alexander 
PS1-16 33 Magnetic hyperfine field in the intermetallic compounds PrRh2Si2 and GdRh2Si2 measured with PAC 

technique using 140Ce as probe nuclei 
CABRERA-PASCA, Gabriel 
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PS1-17 41 Perturbed Angular Correlations Investigations on Magneto-Electric Manganites MELO MENDONçA, Tânia 
PS1-18 44 Magnetic-Electronic Pressure Responase of Ilmenite (FeTiO3) SIBANDA, Wisdom Nkosilathi 
PS1-19 45 Spin and Orbital Order in FeCr2S4 LITTERST, Jochen 
PS1-20 62 Mössbauer Spectroscopy of the New Iron Oxide Fe3B7O13(OH) NAKAMURA, Shin 
PS1-21 64 Magnetic and electrical transport properties of Ce/Ca substituted perovskite oxides SHARMA, M. P. 
PS1-22 79 Studies of GdZn compound magnetic properties using PAC spectroscopy with 140Ce and 111Cd as probe 

nuclei 
SANTOS, Brianna 

PS1-23 93 DyNi2Mn - Magnetisation and Mössbauer Spectroscopy CAMPBELL, Stewart 
PS1-24 109 Magnetic Hyperfine Interaction of 59Fe in Nickel MUTO, Suguru 
PS1-25 116 Magnetoelectric AgCrO2: A new local insight given by PAC DE PINHO OLIVEIRA, Goncalo 
PS1-26 121 Investigations on FeSb2 by high field 57Fe Mössbauer spectroscopy REISSNER, Michael 
PS1-27 123 Structural, electronic and magnetic properties of Ho substituted BiFeO3 as a function of temperature NAIDOO, Deena 
PS1-28 125 A high temperature NMR study in optimally doped manganites PANOPOULOS, Nikos 
PS1-29 126 Incommensurate modulated spin order and NMR wipeout effect in electron-doped manganites probed by 

139La NMR 
KOUMOULIS, Dimitrios 

PS1-30 144 Magnetism in CaFe2As2 and Phase Separation in Superconducting Ba0.5K0.5Fe2As2 and Sr0.5Na0.5Fe2As2 
Single Crystals: A Mössbauer Study 

SANCHEZ, Dalber 

PS1-31 153 Magnetic and Electric Properties of Cadmium Films Containing Nanometer Size Clusters of Iron TRUJILLO, Wiliam 
PS1-32 156 Hyperfine local probe study of alkaline-earth manganites BaMnO3 and SrMnO3 GONçALVES, J. N. 
PS1-33 161 Mössbauer and XPS studies of (Mn, Zn)xCo1-xFe2O4 ferrites DOLO, J. J. 
PS1-34 166 Tin, Manganese doped chromium iron oxides of composition alpha-Sn0.2Cr1.8-xFexO3 and  

alpha-Mn0.2Cr1.8-xFexO3 
KALENGAY, Mbela 

PS1-35 77 Paramagnetism in Mn/Fe implanted ZnO GUNNLAUGSSON, Haraldur 
PS1-36 40 Absence of room temperature ferromagnetism in transition metal doped ZnO nanocrystalline powders from 

PAC spectroscopy 
DOGRA, Rakesh 

PS1-37 52 X-ray absorption and magnetic circular dichroism characterizations of  Mo1-xFexO2 (x = 0 - 0.05) thin films 
grown by pulsed laser ablation 

THAKUR, Pardeep Kumar 

PS1-38 29 Features of Structural Transformations in La1-xCaxMn0.98Fe0.02O3+  (x = 0.05 - 0.50) SEDYKH, Vera 
PS1-39 17 Experimental and theoretical study of the -phase in Fe-Cr and Fe-V alloys CIESLAK, Jakub 
PS1-40 141 Detection of sub-lattice magnetism in sigma-phase Fe-V compounds by zero-field NMR DUBIEL, Stanislaw M. 
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 Poster session II Tuesday 14 Sept  

    
  SEMICONDUCTORS, METALS AND INSULATORS 

 
 

Poster # ID Title Primary Author 

PS2-1 26 Search for ferromagnetic ordering in Pd doped wide band gap semiconductors GaN and ZnO KESSLER, Patrick 
PS2-2 28 Evidence of defect pairing for Pd-atoms in Germanium TIMMERS, Heiko 
PS2-3 42 Oxygen ordering in the HgBa2CaCu2O6+  high-TC superconductor MELO MENDONçA, Tania 
PS2-4 53 Perturbed gamma-gamma angular correlation studies of indium containing 211-MAX phases JUERGENS, Daniel 
PS2-5 55 Perturbed gamma-gamma angular correlation studies of indium free 211-MAX phases JUERGENS, Daniel 
PS2-6 61 Experimental and ab initio study of Ta-doped ZnO semiconductor MUñOZ, Emiliano Luis; Mr. RICHARD, 

Diego 
PS2-7 66 An In-defect complex as a possible explanation for high luminous efficacy of InGaN and AlInN based 

devices 
KESSLER, Patrick 

PS2-8 68 Precise calculation of semiconductor band gaps by means of the LDA-1/2 method FERREIRA, Luiz 
PS2-9 69 Study of annealing behavior of HfO2 fiber by hyperfine interaction technique. BANERJEE, D 
PS2-10 70 Zr-doped Rutile TiO2: A Quadrupole Interaction Study BANERJEE, D 
PS2-11 73 Search for "After-Effects" in Cd-doped ZnO semiconductor:   PAC experiments  supported by ab initio 

results 
MUñOZ, Emiliano Luis 

PS2-12 78 APW+lo and TDPAC study of the Electric-Field Gradient at the cation sites of the 44Ti(EC)44Sc-doped 
Sc2O3 Semiconductor 

RICHARD, Diego; Mr. MUñOZ, Emiliano 
Luis 

PS2-13 81 Electronic and structural properties of the -Fe2O3:Ta semiconductor. Experimental EFG determination and 
ab initio calculations. 

DARRIBA, Germán Nicolás 

PS2-14 82 Experimental and ab initio study of the EFG at donor impurities in the Cr2O3:Ta semiconductor. DARRIBA, Germán Nicolás 
PS2-15 94 Observation of iron impurities diffusion in silicon under bending stress by Mössbauer spectroscopy SUZUKI, Kunifumi 
PS2-16 100 Observation of long lived Fe3+ paramagnetic states in ZnO following the implantation with non-3d elements NAIDOO, Deena 
PS2-17 104 TDPAC study of the phase transitions in PbTi1-xHfxO3 ALONSO, Roberto 
PS2-18 115 Fitting TDPAC Spectra with Stochastic Models: PolyPacFit ZACATE, Matthew 
PS2-19 117 Fluctuating Hyperfine Interactions: Computational Implementation EVENSON, William; ZACATE, Matthew 
PS2-20 139 Study of hyperfine interactions in CeO2 nanoparticle by PAC spectroscopy using 111Cd COSTA, Messias 
PS2-21 140 First-principles study of magnetic hyperfine field at Cd probe in Co-doped ZnO semiconductor PEREIRA, Luciano 
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PS2-22 142 Electric quadrupole interactions in nano-structured SnO2 as measured with PAC spectroscopy RAMOS, Juliana 
PS2-23 143 Study of the electronic structure and electric field gradient at Cd probe in Co-doped ZnO matrix by first 

principles calculations 
PEREIRA, Luciano 

PS2-24 148 TDPAC study of a solid-state reaction doping process of 181Hf (181Ta) impurities in the Ho2O3 
semiconductor 

RICHARD, Diego 

PS2-25 160 PAC study of the Si-HfO2 system subjected to high energy ball milling CHAIN, Cecilia Y. 
PS2-26 162 Thermal Evolution of Short Range Order in Cu-Hf-Based Amorphous Alloys DAMONTE, Laura C. 
PS2-27 164 Dimensionless Coordinates for Simulations and Theory of Hyperfine Interactions in Materials EVENSON, William 
PS2-28 165 Defects studies in pure and doped In2O3 single crystals by PAC. QUILLE RAMOS, Ruben 
PS2-29 60 Hyperfine parameters of Fe atoms in superconducting FeSe as function of temperature, pressure and 

magnetic field. 
KSENOFONTOV, Vadim 

PS2-30 12 Beta-NMR measurement of Cu-58 in Si MIHARA, Mototsugu 
PS2-31 32 Temperature dependence of the hyperfine fields of 111In in sapphire (Al2O3) single crystals STEFFENS, Michael 
PS2-32 84 Nuclear electric quadrupole interactions of 111Cd in the heavy-fermion compound CeCoIn5 FORKER, Manfred 

    
  NEW DIRECTIONS, NEW DEVELOPMENTS IN 

METHODOLOGY 
 

Poster # ID Title Primary Author 

PS2-33 15 The Concept of Trajectories in the Data Analysis of Non-axially Symmetric Nuclear Quadrupole 
Interactions 

BUTZ, Tilman 

PS2-34 16 A User-friendly Fully Digital TDPAC-Spectrometer BUTZ, Tilman 
PS2-35 21 Methodology of Quantitative Analysis in Mossbauer Spectroscopy IRKAEV, Sobir 
PS2-36 57 Lattice location of beryllium and boron, measured by thermal-neutron-induced emission channeling 

measurements 
KöSTER, Ulli 

PS2-37 112 Advantages of resonant detecting in hyperfine structure investigation by Moessbauer spectroscopy PANCHUK, Vitaly 
PS2-38 152 POLAREX : Study of polarized nuclei - first measurement GAULARD, Carole 
PS2-39 2 Air pollution studied by Mossbauer spectroscopy and synchrotron ZHANG, Guilin 
PS2-40 101 57Mn Implantation Mössbauer Spectroscopy of -Al2O3 by Anticoincidence Method KOBAYASHI, Yoshio 
PS2-41 92 Kramers-degenerated Spin Systems “NV+n13C” in Diamond for Quantum Magnetometry: Spin-

Hamiltonian and Quantum Chemistry Analysis 
NIZOVTSEV, Alexander 
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  Poster session III Thursday 16 Sept  

   
BIOLOGY, CHEMISTRY, MEDICINE, ARCHAEOLOGY, 

MINERALOGY 

 

Poster # ID Title Primary Author 

PS3-1 54 H/D Isotope Effect of 1H MAS NMR Spectra and 79Br NQR Frequencies in Piperidinium and 
Pyrrolidinium p-Bromobenzoate 

HONDA, Hisashi 

PS3-2 56 Variations of 57Fe Hyperfine Parameters in Medicaments Containing Ferrous Fumarate and Ferrous Sulfate OSHTRAKH, Michael 
PS3-3 58 Measurements in DNA molecules using Perturbed Angular Correlation Spectroscopy SILVA, Andréia 
PS3-4 80 57Fe Quadrupole Splitting and Isomer Shift in Various Oxyhemoglobins: Study Using Mössbauer 

Spectroscopy 
OSHTRAKH, Michael 

PS3-5 91 Quantitative determination of phase transformations of the Tridymite-like FePO4 catalyst pre and post 
oxidative dehydrogenation reactions to form Alkyl Methacrylates 

 KHAN, Faiza 

PS3-6 113 Chemical states of 57Fe in rock salt type crystals arising from 57Mn KUBO, Kenya 
PS3-7 120 Reduction of Amorphous Fe(III)-hydroxide by the Binary Microbial Culture, Mössbauer Study CHISTYAKOVA, Nataliya 
PS3-8 127 Electric Field Gradient and Electronic Properties of Crown Thioether Compounds NASCIMENTO, Rafael Rodrigues 
PS3-9 131 Beta-NMR as a novel technique using radioactive beams for biophysical studies STACHURA, Monika 
PS3-10 136 Ab-initio study of copper complexes GONCALVES, Marcos 
PS3-11 147 First Principles Electronic Structure Investigation of Order of Singlet and Triplet States of Oxyhemoglobin 

and 57mFe Nuclear Quadrupole Interactions 
 BADU, S. R. 

PS3-12 159 Study of hafnium sodium salts of DTPA using PAC Spectroscopy CHAIN, Cecilia Yamil 
PS3-13 34 Negative thermal expansion and pressure induced amorphization in Zirconium tungstate as studied by  181Ta  

TDPAC 
RAMANUJAM, Govindaraj 

PS3-14 87 Structural Phase Transitions in a [Chloranilic Acid]-[2-Pyrrolidone] (1:2) Molecular Complex with 
Hydrogen-Bond Networks 

MORIKAWA, Shota 

PS3-15 135 Mössbauer characterisation of Copper ferrite as a model system for the Fischer-Tropsch synthesis CHONCO, Zandile;  
PS3-16 74 57Fe Hyperfine Interactions in M1 and M2 Sites of Olivine from Omolon Meteorite: Study Using 

Mössbauer Spectroscopy 
PATRUSHEVA, Daria 

PS3-17 85 14N NQR study of selected 1,4-benzoquinonedioximes SINGH, Nadia 
PS3-18 11 Spectroscopic and mineral magnetic studies on some ancient pottery samples RAMDOSS, Venkatachalapathy 
PS3-19 49 Mössbauer Spectroscopic and Mineral Magnetic studies on Archaeological Potteries from Tamilnadu, India RAMDOSS, Venkatachalapathy 
PS3-20 10 Application of Mossbauer spectroscopy in investigation of wall rock alteration at uranium deposit LIN, Jun 
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  LATTICE DYNAMICS, ION-SOLID INTERACTIONS  

Poster # ID Title Primary Author 

PS3-21 14 Debye temperature of sigma-phase  Fe-V alloys DUBIEL, Stanislaw 
PS3-22 48 Lattice Location and Diffusion of Interstitial Fe in MgO MøLHOLT, Torben Esmann 
PS3-23 72 Lattice sites of Fe in Al2O3 following implantation of 57Mn GUNNLAUGSSON, Haraldur 
PS3-24 96 Mössbauer study of 57Fe in GaAs and GaP following 57Mn+ implantation MASENDA, Hilary 

    
    
  SURFACES, INTERFACES, THIN FILMS, 

NANOSTRUCTURES 
 

Poster # ID Title Primary Author 

PS3-25 22 Investigation of Nanosized Magnetic Materials by SEDM Technique SEMENOV, Valentin 
PS3-26 37 Size effects on local magnetism of single Fe impurity in nano-crystalline noble metals: A TDPAD 

investigation 
MISHRA, S.N. 

PS3-27 38 Zr/Hf/Zr nanostructures studied by perturbed angular correlations LOPES, Armandina M. 
PS3-28 39 Characterization of nanostructured HfO2 films using Perturbed Angular Correlation (PAC) technique DE MORAES CAVALCANTE, Fabio 

Henrique 
PS3-29 65 Temperature dependent studies of Zinc nanoferrite synthesized by spray pyrolysis MATHEW, Jacob; JACOB, Jess 
PS3-30 75 Electric field gradients in nanoparticles of HfAl2 and HfAl3 intermetallic compounds KULINSKA, Agnieszka 
PS3-31 89 Laser Deposition of Iron on Graphite Substrates YAMADA, Yasuhiro 
PS3-32 134 Investigation of hyperfine interaction in the nanostructured HfO2 by PAC spectroscopy ROSSETTO, Daniel 
PS3-33 154 Study of nanoconfigurations in Zircon-Mullite composites using Perturbed Angular Correlations CHAIN, Cecilia Yamil 
PS3-34 158 Synthesis and characterization of nanoparticles of cobalt and nickel ferrites dispersed in mesoporous silicon 

oxide 
BRAGA, Tiago;  

PS3-35 163 Mössbauer spectroscopy and neutron diffraction study of the mechanosynthesis of nanocrystalline MgFe2O4 SEPELAK, V. 
PS3-36 110 Room temperature ferromagnetism in MWCNTs synthesized by chemical vapor deposition technique GAUTAM, Sanjeev 
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  ATOMS AND IONS  

Poster # ID Title Primary Author 
PS3-37 145 Test of Variational Methods for Studying Hyperfine Interactions of Molecular and Solid State Systems by 

Application to Atomic Systems 
PINK, R. H. 

    
    
  RESONANCE METHODS  

Poster # ID Title Primary Author 

PS3-38 5 Low Frequency Spin Echo in Multiple Pulse NQR Spin Locking KIBRIK, Gregory 
PS3-39 6 Phase transition and proton exchange in 1,3-diazinium hydrogen chloranilate monohydrate ASAJI, Tetsuo 
PS3-40 50 127I NQR and 1H NMR Studies of 4-Aminopyridinium Tetraiodoantimonate(III); Molecular Motion and 

Phase Transition 
TERAO, Hiromitsu 

PS3-41 83 Two and three frequency multipulse sequence for NQR of N-14 nuclei. MOZZHUKHIN, Georgy 
PS3-42 102 35Cl NQR in glassy crystal, 2,5-dichlorothiophene FUJIMORI, Hiroki;  
PS3-43 111 7Li quadrupole-perturbed NMR observation of biased Li-ion ordering in the paraelectric phase of weakly 

substitutionally disordered K1-xLixTaO3 
ZALAR, Boztjan 

PS3-44 149 The cross-correlation effects in relaxation of quadrupolar nuclei in the multipolar spin systems KUPRIYANOVA, Galina 
PS3-45 105 Br NQR relaxation and successive phase transitions of CH3NH3HgBr3 NIKI, Haruo 
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NUCLEAR MOMENTS, NUCLEAR POLARIZATION, 
NUCLEAR MODELS, FUNDAMENTAL INTERACTIONS 

Poster # ID Title Primary Author 

PS3-46 103 Magnetic Moment of Isomeric States in 175Ta KUMAR, Vivek 
PS3-47 106 The quadrupole moments of Zn and Cd isotopes - an update HAAS, Heinz 
PS3-48 122 Magnetic Moment of the 3/2+ State in 165Ho TANIGAKI, Minoru 
PS3-49 99 Electric dipole moment search in 129Xe atom with an optical-coupling nuclear spin oscillator ASAHI, Koichiro 
PS3-50 138 Polarization Creation in Proton-Rich 28P via Charge Exchange Reactions and Measurement of Its Electric 

Quadrupole Moment 
MATSUTA, Kensaku 

PS3-51 88 The nuclear quadrupole moment of the 245 keV excited state of 111Cd ERRICO, Leonardo Antonio 
 PS3-52 111 7Li quadrupole-perturbed NMR observation of biased Li-ion ordering in the paraelectric phase of weakly 

substitutionally disordered K1-xLixTaO3 
ZALAR, Bostjan 

PS3-53 31 EFG calculations by the FPLO code KOCH, Katrin, COTTENIER, Stefaan 
    
  LATE-RECEIVED ABSTRACTS  
    
PS3-54 181 First Principles Cluster Study of Electronic Structures, Locations and Hyperfine Interactions of Isolated 

Atoms and Ions in Silicon 
PINK, R.H. 

PS3-55 180 First Principles Study of Nuclear Quadrupole Interactions in Single and Double Chain DNA and Solid 
Nucleobases 

BADU, S.R. 

PS3-56 182 First Principles Study of Muonium Trapping and Associated Magnetic Hyperfine Interactions in 
Nucleobases in Single and Double Chain DNA and Solid Nucleobases 

BADU, S.R. 
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Monday 13th September (9:15-9:55), Atoms and Ions 
 

 
 

Recent developments in Collinear Laser Spectroscopy at ISOLDE, CERN 
  

W Noertershaeuser1  

  
1 University of Mainz, Germany  

 e-mail: wilfried.noertershaeuser@cern.ch 

  

  
Optical spectroscopy is known to provide very accurate and model-independent data on spins, 
electromagnetic moments and charge radii of nuclear ground states. Collinear laser spectroscopy is long 
known to be a general technique, applicable to a large variety of elements, but was also developed 
continuously towards higher sensitivity and/or accuracy to scope with even more exotic species. At 
COLLAPS, the collinear laser spectroscopy setup at ISOLDE, we have applied a frequency-comb based 
technique to measure the charge radii of the beryllium isotopes including the one-neutron halo nucleus Be-
11. Here, high accuracy was required and uncertainties in high voltage calibrations had to be eliminated by 
simultaneous spectroscopy in collinear and anti-collinear geometry. ISCOOL, a radio-frequency cooler and 
buncher came recently into operation and was for the first time applied at ISOLDE for the spectroscopy of 
copper and gallium isotopes and increased sensitivity by orders of magnitude. The isotope chains of both 
isotopes offered surprises concerning the spin values of the neutron-rich isotopes. Moreover, a new 
technique combining optical pumping and ß-asymmetry detection was applied for isotope shift shift 
measurements of Mg isotopes. In this way we were able to cover the chain of Mg isotopes across the 
complete sd shell to study the nuclear shape development during the transition into the island of inversion. 
In my talk I will present these methodological developments and the outstanding results that were obtained 
with these techniques at the COLLAPS experiment. 
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Monday 13th September (9:55-10:35), Nuclear Moments, Nuclear Polarization, Nuclear Models, 
Fundamental Interactions 

 

Recent progress with Low Temperature Nuclear Orientation and NMR/ON 

 

Nathal Severijns 

  
Instituut voor Kern- en Stralingsfysica, K.U.Leuven, Celestijnenlaan 200 D, B-3001 Leuven, Belgium, e-mail: 

nathal.severijns@fys.kuleuven.be  

  
Recent results obtained in low temperature nuclear orientation (LTNO) and nuclear magnetic resonance on 
oriented nuclei (NMR/ON) experiments obtained with the different existing Nuclear Orientation setups will 
be reviewed and discussed. 

These comprise nuclear moment measurements contributing to the study of nuclear structure in different 
regions of the nuclear chart, precision beta asymmetry parameter measurements to search for non-standard 
model components in the weak interaction, as well as solid state studies. 
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Monday 13th September (10:35-10:55), Nuclear Moments, Nuclear Polarization, Nuclear Models, 
Fundamental Interactions 
 

NMR-ON study of 197PtNi 

 
T. Ohtsubo,1 S. Ohya1, Y. Masamori1, T. Izumikawa2, S. Muto3, K. Nishimura4 

1 Dept. Phys. Niigata University, 2-8050, Ikarashi, Nishi-ku, Niigata, 950-2181, Japan, e-mail: 
tohtsubo@np.gs.niigata-u.ac.jp 

2 Radioisotope Center, Niigata University, Asahimachi-1, Niigata 951-8510, JAPAN 
3  Neutron Science Laboratory, KEK, Tsukuba 305-0801, JAPAN 

4 Faculty of Engineering, Toyama University, Toyama 930-8555, JAPAN 
 

Nuclear magnetic resonance of oriented nuclei (NMR-ON) has been widely applied in the study of the 
electromagnetic properties of unstable nuclei and hyperfine interactions of dilute impurities in ferromagnetic 
metals. The hyperfine anomaly arises from the hyperfine interaction of the finite nuclear volume of nuclear 
magnetization and hyperfine field due to Fermi contact. The difference between the point nuclear magnetic 
structure and the finite magnetic structure is referred to as the Bohr-Weisskopf effect, which depends on the 
nuclear structure. In order to study the hyperfine anomalies of Pt isotopes, NMR-ON experiments on 197Pt in 
Ni was measured.   

     Samples of 197PtNi were prepared with thermal neutron irradiation. Thin alloy foils of PtNi (0.1 at. % of 
the 96% enriched 196Pt) were irradiated in the reactor at the Japan Atomic 
Energy Research Institute. After irradiation, the sample was annealed in 
vacuum for 30 min at 800 °C and was cooled down to about 7 mK using a 
3He/4He dilution refrigerator. The  rays from 197Pt were measured by two 
Si detectors mounted in the refrigerator at 0 and 180° with respect to the 
external magnetic field of 0.2, 0.4 and 0.6 T.  NMR-ON spectra were 
observed by detecting the -ray asymmetry change with rf oscillating 
fields. Fig. 1 shows typical NMR-ON spectra of 197PtNi. For pure 
magnetic interaction, the resonance condition is given by h  = | g { Bhf + 
(1+K)B0 } | N. From least-squares fits of the resonance frequencies vs the 
external magnetic fields, the resonance frequency at B0 = 0 of 0(197PtNi) 
= 230.7(1) MHz.  Comparing with the magnetic resonance frequency of 
191PtNi [1] and the magnetic moments determined by atomic beam method 
[2], the hyperfine anomalies of Pt isotopes were deduced; 191 197 = 12(5) 
%. It is too large compared with the theoretical value (+0.2%). We also 
deduce the hyperfine anomaly with 195Pt [3,4] that has a same spin and 
parity as 195 197 = 15(5)%. From these large values, the experimental 
value of magnetic moment for 197Pt should be wrong.  

References 
[1] G. Seewald et al., Phys. Review B66, 174401 (2002). 
[2] Y.W. Chan et al., Bull. Am. Phys. Soc. 13, No.6, 895 CE14 (1968). 
[3] M. Kontani and J. Itoh, J. Phys. Soc. Japan 22, 345 (1967) 
[4] W.G. Proctor and F.C. Yu Phys. Rev. 81, 20(1951) 
  

Fig. 1. NMR-ON spectra 
of 197PtNi.  
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Monday 13th September (11:25-12:05), LHC 
 

The LHC and its physics programme 

Michelangelo Mangano1 

1PH-TH Department, CERN, Route de Meyrin, 1211 Geneva 23, Switzerland  

michelangelo.mangano@mac.com 

 

We review the outstanding issues in the understanding of elementary particles and their fundamental 
interactions, and illustrate the role of the Large Hadron Collider  (LHC) in addressing them. 
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Monday 13th September (12:05-12:25), Nuclear Moments, Nuclear Polarization, Nuclear Models, 
Fundamental Interactions 

 

Study of Dependence of Quasi-Particle Alignment on Proton and Neutron Numbers in 
A= 80 Region through g-factor Measurements 

Yuan Daqing, Fan Ping, Zheng Yongnan, Zuo Yi, Zhou Dongmei, Zhang Qiaoli, 
Wu Xiaoguang, Li Guangsheng, Zhu Lihua, Xu Guoji, Fan Qiwen, 

Zhang Xizhen and Zhu Shengyun** 
 

China Institute of Atomic Energy, P.O. Box 275-50, Beijing 102413 
Email: zhusy@ciae.ac.cn 

 
The interplay between the collective rotation and the quasi-particle alignment is a significant feature of 
nuclear structure at high spins. The g-factors of intra-band high spin states of the ground rotational band can 
provide direct and unique information on quasi-particle alignment since the g-factors of the high-j proton 
and the high-j neutron are positively large and negatively small, respectively.  

The g-factors of high spin states of the ground rotational band in 82Sr, 83Y, 84Zr, 85Nb, 85Zr and 86Zr have 
been measured in order to study the dependence of quasi-particle alignment on the proton and neutron 
numbers.  

The high spin states of the ground rotational band in 82Sr, 83Y, 84Zr, 85Nb, 85Zr and 86Zr were populated by 
the fusion-evaporation reactions with the heavy ion beams from the HI-13 tandem accelerator at China 
Institute of Atomic Energy. The transient -magnetic-field ion implantation perturbed angular distribution 
(TMF-IMPAD) method was used to determine the g-factors of high spin states along the ground rotational 
band. The model calculations were also carrried out for some nuclides, which well reproduced the 

experimentally measured g-factors. 

The experimental results are shown in the above figure. It can be seen that for the nuclides 84Zr, 85Zr and 
86Zr with Z=40 the proton alignment is followed by the neutron alignment in 84Zr and 85Zr, while the neutron 
alignment is followed by the proton alignment in 86Zr, and for the nuclides 82Sr, 83Y, 84Zr and 85Nb with 
N=44 the proton aligns only in 82Sr, the proton aligns first that is followed by the neutron alignment in 83Y 
and 84Zr and the neutron alignment is followed by the proton alignment in 85Nb. A discussion regard the 
observed dependence will be presented. 

*Supported by National Science Foundation of China under Grant Nos. 10435010 and 10975189 
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Monday 13th September (14:00-14:20), Semiconductors, Metals and Insulators 
 

Donor-Acceptor Complexes in ZnO 

M. Türker 1, M. Deicher 1, H. Wolf 1, Th. Wichert 1, and the ISOLDE-Collaboration 2 

1 Technische Physik, Universität des Saarlandes, D-66041 Saarbrücken, Germany 
manfred.deicher@tech-phys.uni-sb.de 

2 CERN, CH-1211 Geneva 23, Switzerland 
 

One of the main obstacles to the technical application of many wide-gap semiconductors represents the difficulty to 
achieve reliable and sufficient p-type or n-type doping. Possible causes are the electrical compensation of dopants by 
native defects or other impurities present in the material. For the II-VI semiconductors CdTe, ZnTe, and ZnSe it has 
been shown [1,2] by perturbed  angular correlation spectroscopy (PAC) that the concurrent presence of In donors 
and group-V acceptors leads to the formation of neighboring donor-acceptor pairs. In case of ZnO, the affinity to form 
donor-acceptor complexes may help to overcome the limitations of p-type doping of this material as outlined in the 
theoretically proposed concepts of cluster-doping [3] or co-doping [4]. 

Here, we report on PAC results obtained by co-doping experiments of ZnO using the donor 111In and different group-
V acceptors. Fig. 1 shows a PAC spectrum obtained after the implantation of ZnO with 111In and P and after annealing 
at 850 K. Besides the lattice electric field gradient (EFG) due to the wurtzite structure of ZnO ( Q Lattice = 31 MHz), 
two additional EFG caused by the formation of In-defect complexes are observed. They are characterized by two 
slightly different nearly axially symmetric EFG with Q1 = 175(1) MHz (  = 0.1) and Q2 = 155(2) MHz (  = 0). Due 
to the wurtzite structure of ZnO having different nearest neighbor distances along the c axis and in the basal plane, 
respectively, even for identical defect complexes two different EFG are expected to occur. The magnitudes of the EFG 
observed here are similar to that of the EFG known for In-acceptor complexes in other II-VI semiconductors [1,2]. 
The nature of the defects in ZnO and the efficiency of different co-doping procedures will be discussed. 

 

 

 

 
 

 
 
 

Fig. 1: PAC spectrum (left) and its Fourier transform (right) of ZnO doped with In and P by ion implantation and 
annealed at 900 K. The measurement was performed with the c-axis perpendicular to the detector plane. 

 
The results of first PAC experiments on the formation of donor-acceptor complexes using group-VII donors in ZnO 
utilizing the radioactive donor 77Br will be discussed, as well. 

This work has been supported by the Bundesministerium für Bildung und Forschung (BMBF) under contract no. 
05KK7TS1. 

[1] V. Ostheimer, A. Jost, T. Filz, St. Lauer, H. Wolf, and Th. Wichert, Appl. Phys. Lett. 69, 2840 (1996). 
[2] S. Lany, P. Blaha, J. Hamann, V. Ostheimer, H. Wolf, and Th. Wichert, Phys. Rev B 62 R2259 (2000). 
[3] L.G. Wang and A. Zunger, Phys. Rev. Lett. 90, 256401 (2003). 
[4] T. Yamamoto and H. Katayama-Yoshida, Physica B 302-303, 155 (2001). 
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Monday 13th September (14:20-14:40), Semiconductors, Metals and Insulators 
 

Angular correlation studies on 172Lu(172Yb) in GaN and measurement at low 
temperature  

  
Riccardo Valentini and Reiner Vianden  

  
Helmholtz – Institut für Strahlen- und Kernphysik der Universität Bonn, Nußallee 14-16, 53115 Bonn, Germany, e-

mail: riccardo.valentini@hiskp.uni-bonn.de   
  
For optoelectronic devices semiconductors with large band gap doped with rare earth are used. Doping is 
generally performed during growth but for more structured doping the ion implantation technique is preferable. 
The perturbed γγ-angular correlation technique is an ideal tool to study the annealing behavior of semiconductors 
after implantation. Usually, this method is only able to measure the absolute value but not the sign of the 
electrical field gradient (EFG) acting onto the quadrupole moment of the implanted probe. An adequate rare earth 
isotope for such investigations of semiconductors is 172Yb.  
The temperature dependence of the hyperfine fields for 172Lu(172Yb) in GaN has been analyzed. The total EFG at 
the site of this probe is a superposition of the lattice EFG due to the GaN wurtzite structure and the EFG due to 
the 4f-shell of the rare earth probe itself. The latter is strongly temperature dependent and opposed to the lattice 
EFG which in contrast is nearly constant since the lattice parameters change only negligibly with temperature.  
At elevated temperatures all crystal field split levels of the 4f-shell are equally populated. But at low 
temperatures the lowest level is occupied preferentially. Sign and magnitude of the EFG produced by the 4f shell 
can be calculated [1]. Depending on which of the levels is lowest in energy it was possible to determine the sign 
of the lattice field gradient.  
  
  
  
  
  
  

  
  
  
  

  
  
 
 

 
 
 
 

 
 
References  
[1] K.Tomala et al., Journal of Magnetism and Magnetic Materials 89, 143-152 (1990).  
 
 
 
  

 Fig. 2. Splitting of the 4f shell 
with positive lattice EFG.  
 

 
Fig. 1. Splitting of the 4f shell with 
negative lattice EFG. 

 
Fig. 3. Temperature dependence of the EFG.  
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Monday 13th September (14:40-15:00), Semiconductors, Metals and Insulators 
 

PAC study of the dynamic hyperfine interactions at 111In-doped Sc2O3 semiconductor 
and comparison with ab initio calculations 

 
E. L. Muñoz1, D. Richard1, A. W. Carbonari2, L. A. Errico1 and M. Rentería1. 

 
1Departamento de Física e Instituto de Física La Plata (IFLP, CCT La Plata,  CONICET-UNLP), Facultad de 

Ciencias Exactas, Universidad Nacional de La Plata, CC 67, 1900 La Plata,  Argentina, e-
mail:munoz@fisica.unlp.edu.ar 

2 Instituto de Pesquisas Energéticas y Nucleares-IPEN-CNEN/SP, São Paulo, Brazil 
 

The combined experimental and theoretical approach based on electric-field gradient (EFG) determinations by means 
of hyperfine interaction measurements and ab initio predictions at impurity atoms has been shown to be a powerful 
tool to unravel structural and electronic characterizations of impurities in solids, in particular in semiconductor oxides 
[1-3] 

In this work, PAC experiments using 111In-difussed Sc2O3 polycrystals have been performed at the IPEN facility in 
order to measure the Electric-Field Gradient (EFG) at (111In (EC)) 111Cd nuclei located at the cation site of the 
semiconductor lattice. The experimental results are compared with ab initio calculations performed with the Full-
Potential Augmented Plane Wave plus local orbital (FP-APW+lo) method in the framework of the Density Functional 
Theory (DFT). 

The PAC experiments were carried out in the temperature range 10 K – 900 K. The PAC spectra obtained in these 
measurements shows two very well-defined quadrupole frequencies along the whole temperature range, pointing to 
the fact that 100% of the probes are located at both nonequivalent cation sites of the bixbyite structure. Nevertheless, 
the spectra are dampened at certain intermediate temperatures, indicating the presence of dynamic hyperfine 
interactions that were analyzed with a perturbation factor based on the Bäverstam and Othaz model [4,5]. The 
FPAPW+lo calculations were performed using the Wien2K code. 

From the ab initio-experimental comparison, we can conclude that the Cd impurities localized at the axially symmetric 
D sites of the crystal structure do not present dynamic interactions while that the Cd probes localized at the 
asymmetric C sites present appreciable dynamic interactions attributed to the so-called after-effects that follow the 
electron-capture decay of the 111In parent isotope of the 111Cd impurity tracer. This scenario could be supported in 
terms of the EFG  behaviour, predicted by the ab initio calculations, at Cd impurities as a function of the charge state 
of the impurity located at the different cation sites of the structure. 

References 
[1] Anisotropic Relaxations Introduced by Cd Impurities in Rutile TiO2: First-Principles Calculations and Experimental Support L.A. Errico, G. 
Fabricius, M. Rentería, P. de la Presa, and M. Forker. 
Physical Review Letters 89, 55503 (2002). 
[2] Metal Impurities in an Oxide: Ab Initio Study of Electronic and Structural Properties of Cd in Rutile TiO2 
L.A. Errico, G. Fabricius, and M. Rentería. 
Physical Review B 67, 144104 (2003). 
[3] Metal Impurities in an Oxide: Ab Initio Study of Electronic and Structural Properties of Cd in Rutile TiO2 
G. N. Darriba, L. A. Errico, P. D. Eversheim, G. Fabricius, and M. Rentería. 
Physical Review B 79, 115213 (2009). 
[4] U. Bäverstam, R. Othaz, N. De Sousa and B. Ringström, Nucl. Phys. A186, 500 (1972). 
[5] A. Abragam and R. V. Pound, Phys. Rev. 92, 943 (1953).  
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Monday 13th September (15:00-15:20), Semiconductors, Metals and Insulators 
 

Temperature dependence of the hyperfine fields of 111In in sapphire (Al2O3) single 
crystals 

 
Michael Steffens,1 Jakob Penner1, Hassan Kamleh2, Reiner Vianden1 

 
1 Helmholtz-Institut für Strahlen- und Kernphysik, Universität Bonn, Nußallee 14-16, 53115 Bonn, 

e-mail: steffens@hiskp.uni-bonn.de 
2 Department of physics, Faculty of Sciences, University of Damascus, Syria 

 
The decay of 111In to 111Cd via electron capture, accompanied by Auger electrons, leaves the outmost atomic 
shell of the Cadmium in a highly ionized state.  

In PAC measurements, this so called “electron capture after effect” leads to a significant loss of anisotropy 
and can be associated with a highly fluctuating electric field gradient (EFG). 

The recovery of the 111Cd shell by electronic recombination depends on the concentration and the mobility 
of charge carriers in the material. For insulators, the recombination timescale lies in the nanosecond regime, 
the generic timescale of hyperfine interaction processes as investigated by the PAC method.  

In previous measurements the fraction of undisturbed probe atoms showed a strong and reversible 
dependence on the sample temperature [1]. 

Our current approach is to determine and alter the conditions under which electrons are sufficiently available 
to suppress the “after effect”. 

Sapphire single crystals were ion implanted with 111In at the mass separator in Bonn. After rapid thermal 
annealing the samples were held at temperatures up to 1000 K. To alter the recombination characteristics 
and to study the influence of acceptor and donator levels, the samples were additionally doped with several 
concentrations of Si, Cr and P. 
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Monday 13th September (15:20-15:40), Semiconductors, Metals and Insulators 
 

The Concept of Trajectories in the Data Analysis of Non-axially Symmetric Nuclear 
Quadrupole Interactions  

 
Tilman  Butz1 

1 University of Leipzig, Germany, e-mail: butz@physik.uni-leipzig.de  

The nuclear quadrupole interaction is described as the product of the nuclear quadrupole moment Q with the 
electric field gradient (EFG) tensor. This is a symmetric,  trace-less 3x3 tensor which usually is described by 
two quantities in the principle coordinate system: the largest component by magnitude is denoted by Vzz and 
the asymmetry parameter is defined as h = (Vxx – Vyy)/Vzz. Frequently, these two quantities are determined 
for powder samples as a function of an external variable, e.g. temperature. It is customary to plot both 
quantities separately versus temperature. This, however, masks any eventual interdependencies of the two 
quantities. A better way to plot the results is to plot Vzz and Vxx  in a cartesian plot, or better in a Czjzek-plot 
[1], a variant of the cartesian plot, which is still linear in both variables. Each data pair of Vzz/Vxx constitutes 
a point in this plot with temperature being the implicit parameter. Connecting all points by a continuous line 
yields a trajectory. This trajectory is continuous even when passing over h = 1 where the tensor orientation 
flips by 90° and the sign of Vzz changes.  
Interestingly enough, there are many examples where a straight trajectory is observed, i.e. both variables 
depend linearly on each other. This can be modelled by a linear superposition of two tensors which are 
simultaneously diagonal and temperature independent:  
V = V1 + a(T)V2. 
The only temperature dependent quantity is a(T), the control parameter. In this situation it is clear that fitting 
2n independent parameters for n temperature points is wrong. Instead, a scale factor and a slope should be 
fitted in addition to n values for  a(T), i.e. there are n+2 independent parameters only. The slope is given by 
the asymmetry parameter of V2, which is the asymptotic asymmetry parameter of V for large a. V2 must 
have a physical interpretation, contrary to V1 which can be modified by shifting a (unless we know where a 
must be 0, i.e. if a is an order parameter). The temperature dependence of a contains all solid state 
information like lattice expansion, lattice vibrations, and changes in the electronic charge density 
distribution. 
The correct strategy for the data analysis would be to analyze the data conventionally, plot the data in the 
Czjzek-plot, and for a straight trajectory perform a simultaneous fit of all data with n+2 adjustable 
parameters in a second tier. 
Another interesting class of systems can be described by a linear superposition of two tensors which are not 
simultaneously diagonal in the same principle coordinate system but which share one common coordinate 
around which the other two rotate. In other words, only a 2x2 matrix has to be diagonalized. The structure of 
the resulting eigenvalues (Vieta’s formula) is such that by using the sum and the product of both the control 
parameter can be eliminated straightforwardly and second order curves result which must be hyperbolae 
because we require asymptotes. In this case we require n+3 adjustable parameters, i.e. a scale factor, the 
asymptotic asymmetry parameter and one off-diagonal element which describes the rotation in addition to n 
values for a. Again, a simultaneous fit of all data is required in a second tier. 
Examples of experiments with linear and hyperbolic trajectories will be given. 
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MSR in diamond 
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Diamond as a material has evolved beyond its roles as a gem or an abrasive to find a niche in modern high technology 
areas. Examples include radiation detectors, electronic devices, biosensors, X-ray optics and also a promising system 
for the realization of quantum communication and computation. The reason for the development of these new 
applications is that the parameters describing the electronic and physical properties of diamond usually represent very 
extreme values. Indeed, diamond vertex detectors are being considered for the upgrade of some of the LHC 
experiments. It has recently become possible to take advantage of the interesting properties of diamond, as the 
synthesis of diamond has reached a point that material with impurities below the part per billion range and residual 
strain in the order of ten nano-radians has been realized. Hyperfine interactions have played a key role in the study of 
diamond and the emergence of novel applications.  This relates to the characterization of defects and the development 
of engineered few spin systems. A particular aspect of the defect studies is the elusive hydrogen defect. In MSR 
studies, muonium is considered a light “isotope” of hydrogen with very similar chemical properties, but with very 
interestingly different dynamical properties, due to its much lighter mass. It offers a unique opportunity to study the 
behaviour of hydrogen in diamond at very low concentrations. The studies have revealed details of the elementary 
muonium atom as well as a molecule involving muonium in the diamond lattice. The dynamics of the muonium, 
which include quantum diffusion and ionization have also been studied.  This contribution reviews MSR in diamond 
in the context of diamond as a modern material hosting advanced applications. 
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Investigations on thin Fe films and Heusler alloy films using synchrotron-radiation-
based Mössbauer spectroscopy 

Ko MIBU1 

 1Nagoya Institute of Technology, Japan 

 

Recent development in synchrotron-radiation-based nuclear resonant scattering or Mössbauer spectroscopy 
has opened up new aspects on investigation of materials in the measurements of hyperfine interactions and 
also of local phonon density-of-states. In Japan a five-year project led by Prof. Seto at Kyoto University is 
now in progress for further development of these unique techniques. The field of magnetic thin films is also 
getting a benefit from these new techniques through detection of magnetic hyperfine fields. The method 
which has mainly been used so far for thin film experiments is "time domain" measurements, where 
interference patterns of pulsed X-rays resonantly scattered by nuclei are detected as a function of time. 
However, "energy domain" measurements are more desirable for thin films, which often contain 
inhomogeneity in the nuclear environments. In our project, a new synchrotron-radiation-based "energy 
domain" Mössbauer spectroscopic method has been developed, and optimized also for investigations on 
magnetic thin films. In this presentation, the validity and limitations of this method are demonstrated by 
showing some experimental results on thin Fe films and Heusler alloy films.  

 

 

 
 

 

 



35 
 

Tuesday 14th September (10:20-10-40), New Directions and Developments in Methodology  

 

Recent Methodological Developments in Nuclear Resonant Scattering with 
Synchrotron Radiation 
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The year 2010 marks the 25th anniversary of the first successful demonstration of nuclear resonant 
scattering using synchrotron radiation. During this period, many different experimental approaches have 
been developed to observe and conduct meaningful scientific experiments in samples of mineralogical and 
biological interest. Among these, we can distinguish the development of high-resolution, tunable crystal 
monochromators, back-scattering crystals, polarization-based optics, interferometric techniques, and 
creation of of single-line absorbers for direct energy-domain measurements.  Some of these are implemented 
for some subset of the dozen or so different Mossbauer isotopes with transition energies ranging from 6 to 
70 keV. Currently, at least 5 different synchrotron beamlines are dedicated fully or partially for this purpose. 
Some of these facilities, like Sector 3-ID at the APS will be upgraded soon, while some newer facilities are 
also just coming on-line, like PETRA-III. We will to review the progress made at the APS and the upgrade 
plans for the 3-ID, the only dedicated beamline in the USA. 
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Magnetism in Iron Implanted Oxides: A Status Report 
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Diluted magnetic semiconductors form a special class of magnetic materials which has drawn a lot of 
attention over the last years both for the interest in the basic physics involved and for possible applications, 
e.g., in the field of spintronics. However, there is no general agreement on the origin of this type of 
magnetism. Various coupling mechanisms between the magnetic ions have been proposed, in addition the 
role of intrinsic defects as well as of unintentional magnetic impurities and precipitations was considered. 

Oxides with embedded magnetic ions form a subclass of the magnetic semiconductors. To study magnetism 
at the atomic level Mössbauer spectroscopy (MS) can be utilized, especially with 57Fe. Since the solubility 
of 3d magnetic ions in most semiconductors is small, their introduction is difficult. So, implantation is a 
favorable technique. In addition it creates intrinsic defects and thus may influence (create) magnetic 
phenomena. With this idea in mind 57Fe MS was performed at the ISOLDE facility at CERN following 
implantation of radioactive 57Mn (T1/2 = 1.5 min) in diverse oxides with a focus on ZnO, one of the most 
important materials for magnetic semiconductors [1]. The Mössbauer spectra obtained consist to a large part 
of a magnetic sextet with splitting up to about 50 T and in addition of nonmagnetic components indicating 
different lattice sites and/or charge states of the Fe atoms. Surprisingly the sextet persists up to measuring 
temperatures of about 600 K. Experiments performed on other oxides (e.g., MgO, Al2O3) show results with 
partly similar and partly differing features. Detailed MS studies as function of temperature, implanted Mn 
concentration, pre-doping of the oxides with various magnetic and nonmagnetic ions and in particular 
experiments with an external magnetic field of 0.6 T show a variety of phenomena with respect to the 
occurrence of the magnetic fraction and permit attributing it to Fe-ions in a 3+ paramagnetic state. This 
observation of a static magnetic pattern is enabled by the unusually long relaxation time > 20 ns even at 600 
K though this relaxation time normally strongly decreases with rising temperature. Unlike a first report [2] 
there is presently no necessity to involve ordered magnetism in the interpretation of the magnetic spectra [3]. 

The assets of MS in these studies compared to, e.g., the EPR technique (Electron Paramagnetic Resonance) 
will be discussed. 
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Tuesday 14th September (11:50-12:10), Magnetism and Magnetic Materials – Bulk and Thin Layers 

 

Mössbauer study of spin-lattice relaxations of dilute Fe3+ in MgO 

T. E. Mølholt1, R. Mantovan2, H. P. Gunnlaugsson3, K. Bharuth-Ram4, M. Fanciulli2,5, K. Johnston6, Y. 
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We have measured 57Fe emission Mössbauer spectra following 50 – 60 keV implantation of radioactive 
57Mn+ ( 4.85½T s) at the ISOLDE facility at CERN into MgO single crystals held at 77 – 647 K (Fig. 1). 
This method allows us to study Fe impurities in concentrations <10-4 at.%. The central part of the spectra 

(Fig. 1) shows lines from Fe2+ on distorted lattice sites, substitutional sites, and 
interstitial Fe sites (see [1] for details). The wings of the spectra show what us 
in focus here; broad distributions of magnetic hyperfine fields up to ~52 T, 
evidently slowly relaxing paramagnetic Fe3+. 

These have been analysed/simulated with an arbitrary number of Blume-Tjon 
(BT) sextets [2] (here a minimum of five BT-sextets was needed, constrained 
by various common para-meters). The relaxation rate parameter W is allowed 
to vary with temperature. This parameter corresponds to a spin-relaxation rate 
of )/(01 cWE  , where E0=14.4 keV is the energy of the Mössbauer state. 
The (common) change of the BT-sextets is due to increasing values of W with 
temperature, which as found to increase to W 1.5(9) mm/s (assuming 0W  
mm/s at 77 K). In this range the line shape of the BT-sextets is dominated by 
broadening of the individual lines by 

.2W  Figure 2 shows the 
relaxation rate obtained in this 
work compared to the results 
based on EPR measured 
relaxation rates of dilute Fe3+ 

impurities in MgO [3]. A reasonably good correlation 
between the two sets of data is obtained, demonstrating the 
possibility of retrieving spin-lattice relaxation rates using 
Mössbauer spectroscopy without the application of an 
external magnetic field. Other applications of this technique 
will be given at this conference [4]. 
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Fig. 1. Show the wings of the 
57Fe Mössbauer spectra held at 
the temperatures indicated. 

Fig. 2. Spin-lattice relaxation rate 
of Fe3+ from this study compared to 
relaxation rates from EPR study 
[3]. 
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Temperature dependence of the magnetic hyperfine field at 111Cd in ZnO doped with 
Co 
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The search for room temperature ferromagnetism in wide band gap semiconductor oxides has been quite 
intensive in the last years. In particular, ZnO has attracted attention since theoretical calculations[1,2] have 
indicated that ZnO when doped with a transition metal like Co or Mn should present ferromagnetism at 
room temperature. The results instead of clarifying this issue have however brought more doubts. While 
many experimental studies confirm the occurrence of ferromagnetism, several others do not observe 
magnetic order in such compounds. Hyperfine interactions, by their nature seem to be very suited to 
investigate these materials and tell something about the existence and origin of the magnetism in such 
compounds. In the present work powder and bulk samples of   ZnO doped with 10 % of Co were prepared 
by sol-gel method from highly pure metallic Zn(99.9999%) and Co(99.9999%). The samples were 
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray 
spectroscopy (EDS) and perturbed gamma-gamma angular correlation (PAC) spectroscopy. In order to carry 
out PAC measurements carrier-free 111In nuclei were introduced during preparation of the samples and used 
as probe nuclei in Zn sites. The XRD patterns showed that no second phase appeared and SEM images 
indicated that the samples are highly homogeneous. PAC measurements were carried out in the temperature 
range from 50 K to 295 K and the results at 295 K before cooling down showed that samples of ZnO doped 
with Co have the same electric quadrupole frequency reported in literature for pure ZnO. This observation 
indicates that Co ions are substituted for Zn ions and have a similar electronic structure of Zn ions. Below 
room temperature one of the samples showed a combined magnetic and electric hyperfine interaction from 
which a magnetic hyperfine field around 1.9 T has been extracted. The temperature dependence of this field 
showed unusual behavior indicating a first order transition around 300 K which suggests a different type of 
magnetism.  
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The 57Fe Mössbauer spectroscopy has been used to follow the appearance of magnetic order and structural 
transition induced by composition or temperature changes in some Fe-pnictide compounds. 
Superconductivity was established in undoped compounds by F, K and Na in CeFeAsO1-xFx, Ba1-xK xFe2As2 
and Sr1-xNaxFe2As2. The studies have been performed on some RFeAsO1-xFx (R = Ce, Nd) polycrystalline 
samples of as well as in Ba0.5K0.5Fe2As2 and Sr0.5Na0.5Fe2As2 single crystal samples. Other Mössbauer 
studies have shown evidence for magnetism and superconductivity on Sr4V2O6Fe2As2, and Sr4Sc2O6Fe2As2 
would show a magnetic ordering without a homogeneous structure.  The magnetic transition temperature 
and the type of transition will be discussed, as well as the coexistence of magnetism and superconductivity.  
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Muon spin relaxation studies of geometrically frustrated magnets 
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 Highly frustrated magnetic systems (HFMS) are characterised by exotic ground states which include 
unconventional magnetic orders, spin liquids, spin glasses, spin ices,... The muon spin rotation and 
relaxation (µSR) techniques are well known for their ability to detect magnetic phase transitions and for 
their sensitivity to spin dynamics over a broad time window. They are therefore ideally suited for the study 
of HFMS. 
 
We shall show that µSR reveal features which are specific to HFMS such as the ubiquitous spin dynamics 
which are observed for temperatures approaching the absolute zero. While these dynamics are not 
unexpected in systems with large ground state degeneracy, they are much more surprising in HFMS with a 
long-range magnetic order.  
 
The interplay between static and dynamic properties results in completely unexpected responses in µSR 
experiments. In some case, an interpretation of these experiments following conventional practice even leads 
to flawed conclusions. This has been the motivation for a deeper insight into the fate of µSR measurements, 
which has led in turn to unravel some characteristics of the HFMS.  
 
The paper will be illustrated by examples taken from µSR investigations on geometrically frustrated 
magnets with a structure based on triangles or tetrahedra. When relevant, they will be discussed in the light 
of results obtained by other microscopic techniques. 
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The natural mineral azurite Cu3(CO3)2(OH)2 represents a new type of low-dimensional frustrated quantum 
spin system with a diamond spin chain as basis. From specific heat [1] there is evidence for a phase 
transition at ca. 1.8 K which however is magnetically still ill-defined. Earlier muon spin rotation 
experiments [2] have indicated a magnetic transition yet no systematic study has been reported. We have 
performed zero field and transverse field muon spin rotation experiments at Paul Scherrer Institut Villigen 
(Switzerland) in the temperature range from 0.02 K to 6 K on polycrystalline powder and a single crystal.  
We could corroborate the appearance of magnetic order below 1.9 K from spontaneous muon spin rotations 
with frequencies following a magnetization curve indicating 2-dimensional correlations. There is evidence 
for a further change in magnetic structure below about 500 mK. The ordered magnetic Cu moments can be 
estimated to be only on the order of some tenths of a Bohr magneton in agreement with recent neutron 
scattering data [3].  
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A promising strategy to encode information in molecular units is provided by single molecule magnets 
(SMMs), chemically identical nanoscale clusters of exchange-coupled transition metal and associated 
ligands. SMMs have been used to study a variety of quantum phenomena and may find applications in 
quantum information processing. The assembly of these systems on surfaces is currently investigated as this 
represents a necessary prerequisite for magnetic memory applications. However, the effect of the surface on 
an SMM is still not well understood. This is due to the small quantity of magnetic material contained in a 
(sub)monolayer which prevents the use of conventional techniques. Here we overcome this obstacle by 
using a novel proximal magnetometry techniques utilizing polarized muons and nuclei as an implanted local 
probe to investigate magnetic properties of such monolayers of SMMs. We anticipate that this method will 
provide a powerful tool to improve our understanding of the influence of the surface on a grafted SMM. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) A schematic view of a monolayer of SMMs grafted on Au film. The stopping 
distribution of muons in Au at E = 1.5 and 22.5 keV are also shown. Typical muon spin 
precession spectra in the rotating reference frame measured at T = 6 K, B0 = 110 mT and 
implantation energy (b) 1.5 keV and (c) 22.5 keV. The damping of the precession signal in 
(b) is due to the dipolar magnetic field from the SMM monolayer. 
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Defect induced magnetic interaction in highly oriented pyrolytic graphite (HOPG): A 
local investigation using TDPAD method. 
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Defect induced magnetism in carbon based systems have long been the subject under extensive 
investigation, not only for the nature of magnetism in s, p electron systems but also for its potential to 
practical applications. The discovery of ferromagnetism at room temperature in pure carbon materials has 
given a new impetus for magnetic studies in graphite and other carbon materials [1,2]. It has been suggested 
that defects play a key role for the ferromagnetic ordering observed in graphite.  
Here, we present magnetic hyperfine field of 19F measured by time differential perturbed angular 
distribution technique. The 19F probes were produced via the heavy-ion reaction 12C(12C,αp)19F using pulsed 
12C beam at an energy of 40 MeV. The energetic 12C beam impinging on a 1 mm thick HOPG sample, used 
as the stopper, also creates high concentration of defects. The approach adopted here, thus serves the dual 
purpose of creating defects and studying the magnetic interactions arising thereof. For the detection of 
hyperfine fields we have used the 5/2  isomeric state in 19F with half-life T1/2=88.5 ns, g-factor gN = 1.44 
and, quadrupole moment Q = -0.12 b which offers high sensitivity towards magnetic interactions. Typical 
spin rotation spectra R(t) measured for 19F in HOPG are shown in Fig 1. The R(t) spectra show 
superposition of two frequencies having L = 64 and 93 MHz and intensity ratio of 45:55 at 15 K. Fig 2 
shows the temperature dependence of the magnetic hyperfine field Bhf derived from the expression Bhf = 
( L/gN NBext)-Bext. The L for the two components show distinctly different temperature dependence 
yielding Bhf ~5 kG and 0.8 kG at T = 0. The observed results indicate the presence of strong magnetic 
interaction in HOPG. Supported by ab-initio calculations performed for a number of defect configurations 
around a F impurity in graphite, we assign the high field component to substitutional site with single 
vacancy/interstitial C, and the low field component to F at substitutional/interstitial sites without any 
vacancy in its neighborhood.  
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Beta detected NMR: a New Depth-resolved Probe of Materials at the Nanoscale 
 

W.A. MacFarlane1  
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I will describe the beta detected NMR and NQR facility at TRIUMF which has been developed over the last 
decade, motivated by the need for depth resolved probes of the electromagnetic properties of solids, 
particularly in thin film heterostructures, where many new phenomena of both fundamental and practical 
interest arise. 

The principal probe used is a 28 keV beam of 8Li+ optically polarized in-flight at TRIUMF's ISAC facility. I 
will then present some recent results from diverse areas including spintronic materials and heterostructures 
and superconductors. 
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We developed a mapping technique for 57Fe Mössbauer spectroscopy using a Multi-Capillary X-ray lens (MCX or 
Soejima-Kumakhov lens), which provided a space resolution down to 50 m [1, 2]. There are, however, strong 
demands to study sub-micrometer-scale structures in materials science. Presently, we are challenging to improve the 
space resolution using a Fresnel-Zone Plate (FZP), which is known to provide a possibility to focus X-ray beam down 
to several 10 nm in diameter, if one would use it at a beam line of synchrotron facilities where a strong and sharp X-
ray beam is available. In our laboratory, therefore, we combine a FZP with the MCX in order to focus 14.4 keV -rays 
down to hundreds nanometers. The focal distance is 48 mm from the outlet of FZP lens. The experimental or and 3.7 
GBq-57Co source mounted on a Mössbauer transducer. In order to evaluate the spot size of the combined -ray lens, 
the transmission counts of 14.4 keV -rays are measured as functions of the X or Y positions of the Ta-knife-edge 
collimators by a Si-PIN detector. The measuring time is 55000 sec at each position. After subtracting the background 
from the original data (red points in Fig.2), we obtained the blue data points which shows two sharp peaks of the 1st 
order diffraction at around 155 m close to the beam center. In addition, two broad peaks appear at around 125 and 75 

m, which correspond to the 2nd order diffractions. The position of the Ta knife-edge appears to be about 10 m 
deviated to the direction of the FZP from the exact focal position. Considering the focusing geometry and the half-
width of the sharp peaks, the spot size expected at the focal position can be estimated about 3 m in diameter. The 
mapping images will be shown in the lecture. 
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Fig. 1 Experimental set-up using a MCX 
and FZP combined lens. 

Fig. 2 14.4 keV- -ray counts as function of 
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spot size is about 3 m at the focus point. 
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Inorganic nanostructures reveal a number of applications in electronics, magnetic recording, as low-friction and nano-
bio materials. However, our knowledge about properties of inorganic nanomaterials is still limited. Quadrupolar 
perturbed NMR is an excellent tool in studying the local site symmetry, chemical bonding and electronic structure of 
inorganic nano-particles comprising quadrupole nuclei. I will review my own and literature data on NMR spectra and 
relaxation measurements of quadrupole nuclei in several inorganic nano-compounds such as boron nitride nanotubes, 
vanadium oxide nanotubes and molybdenum sulfide fullerenes. Detailed analysis of the spectra and their comparison 
with those in bulk samples will be done. The obtained findings allow us making conclusions about the local crystal 
structure, electronic structure and bonding in the inorganic nanosized compounds. 
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Synchrotron radiation based TDPAC 
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Mössbauer spectroscopy and time differential perturbed angular correlations (TDPAC) are classical nuclear 
spectroscopy techniques used to study hyperfine interactions. They both measure hyperfine splitting of the 
excited nuclear state with ns- s lifetime. On the other hand, the collective over nuclear ensemble nature of 
the Mössbauer effect expressed in the recoil-free emission and absorption, leads to the difference in the 
applicability of the methods and, sometimes, to the different sensitivity to the hyperfine interact ions. From 
this point of view, it would be important to combine two techniques in the study of the hyperfine 
interactions at the same nucleus. However, due to different requirements to the properties of mother 
isotopes, the application of MS and TDPAC to study the same element is very difficult. 

The nuclear resonant scattering of synchrotron radiation is a technique which allows one to overcome this 
problem. The spatially coherent nuclear forward scattering (NFS) is the time analogue of the Mössbauer 
spectroscopy. On the other hand, the spatially incoherent, single-nucleus resonant scattering [1], SRPAC, is 
closely related to TDPAC and can be measured in parallel to NFS.  

In SRPAC the intermediate nuclear level is not excited "from above" via a cascade originating from the 
decay of a radioactive parent like in TDPAC, but “from below", i.e. from the ground state, during incoherent 
nuclear resonant scattering of SR. Directional selection and timing by the first detector in TDPAC are 
replaced in SRPAC by the direction and the timing of the incident flash of synchrotron radiation. The 
absence of the cascade in SRPAC allows one to investigate the excited states which can hardly or even 
cannot be studied by TDPAC, e.g. the Mössbauer isotopes 57Fe [2], 119Sn [3], 61Ni [4], 160Gd, 174Yb. In 
addition, SRPAC does not depend on recoil energy. This gives possibility to continue Mössbauer 
investigations of hyperfine interactions into regions where the Lamb-Mössbauer factor vanishes, i.e. in soft 
matter or for the high-energy Mössbauer transitions even at ambient temperatures. 

In this presentation the basic features of SRPAC will be described underlining the similarity and the 
difference with conventional TDPAC and with Mössbauer spectroscopy. Several examples of application of 
the method will be presented: study of the glass transition using the iron contained glass former [2], study of 
quadrupole interaction in the -tin, study of magnetic hyperfine interactions in the nickel metal [4]. 
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Phonon mode softening at the ferroelectric transition in EuxBa1-xTiO3 
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The ferroelectric EuxBa1-xTiO3 system is being studied as part of a project to search for the permanent 
electric dipole moment of the electron [1]. Part of this work involves understanding the materials properties 
of the system. Doping BaTiO3 with europium drives the ferroelectric transition down from 278 K [2] at x=0, 
to 0 K by x 0.75. The Eu-doped materials are weakly conducting, so detecting the ferroelectric transition by 
either capacitive methods or bulk susceptibility is difficult, however the phonon mode softening that 
accompanies the formation of the orthorhombic ferroelectric phase leads to a characteristic reduction in the 
Mössbauer-Lamb (or "f ")–factor [3]. 151Eu Mössbauer measurements on two samples of Eu0.5Ba0.5TiO3 
have confirmed the presence of the phonon mode softening centred at 180 K, but also revealed an 
unexpected result. The signal from divalent europium (Eu2+) dominates the spectra of both samples; 
however, we found that 9-12% of the europium was present as Eu3+. While initially ascribed to unreacted 
Eu2O3, neither xrd nor neutron diffraction showed any evidence for this, or any other trivalent europium 
impurity. More surprisingly, the temperature dependence of the f-factor shows a much stronger response in 
the Eu3+ component than in the Eu2+ one, clearly indicating that the trivalent europium is present within the 
Eu0.5Ba0.5TiO3 phase and ruling out any possibility of phase separation or impurity effects. Preliminary 
analysis of neutron powder diffraction data rules out the possibility that some of the europium might be 
located on titanium sites and the origins of the enhanced phonon softening at the Eu3+ site remain unclear. 
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The temperature and pressure dependence of the partial density-of-phonon states (phonon-DOS) at the iron 
sites in superconducting (sc) Fe1.01Se was studied by 57Fe nuclear inelastic scattering (NIS) of synchrotron 
radiation, a method well adapted for these studies as function of temperature and pressure [1,2]. As proved 
by a recent study of the isotope effect at the Fe sites on the sc temperature Tc in FeSe, superconductivity is 
intrinsically connected with the Fe phonon modes [3]. The sc properties of the present Fe1.01Se sample and 
their pressure dependencies were well characterized in previous studies using various methods, including 
57Fe-Mössbauer spectroscopy [4-7]. The high energy resolution in the present 57Fe-NIS study allows for a 
detailed observation of spectral properties in the phonon-DOS not observed before, e.g. shifts of all spectral 
features to higher energies by ~4% with decreasing temperature from 296 K to 10 K. No detectable changes 
in the partial Fe phonon-DOS were observed at the tetragonal–orthorhombic transition around 100 K [7,8].  
An applied pressure of  6.7 GPa, combined with an increase of the sc temperature Tc from 8 K to 34 K [8], 
resulted in an increase of the optical phonon-mode energies by ~12%, and an even more pronounced 
increase in energies of the lowest-lying transversal acoustic modes. Despite of these strong pressure-induced 
changes in the partial Fe phonon-DOS we conclude that the pronounced increase of Tc in Fe1.01Se with 
pressure cannot be described in the framework of classical electron-phonon coupling [8]. This suggests the 
importance of spin fluctuations for the observed superconductivity [9]. The present results are discussed in 
conjunction with the phonon-DOS of FeSe0.5Te0.5 X-tals, studied including its polarization dependence by 
57Fe-NIS [10], where Tc = 15 K was observed at ambient pressure. Finally we present a synopsis of the 
complementary information on the sc Fe1.01Se and FeSe0.5Te0.5 systems, obtained from the elastic channel, 
57Fe-ME [4-7], as well as from the inelastic channel,  57Fe-NIS [8, 10], of  the 57Fe(14.4 keV)-Mössbauer  
resonance.  
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We have determined the electronic phase diagrams of several iron pnictide high-Tc superconductors based 
on the ROFeAs (1111 family) with electron Flour and isovalent Phosphorus doping and (Sr,Eu)Fe2As2 (122 
family) with Cobalt doping. The nature of the change from the magnetically ordered to the superconducting 
state in LaO1−xFxFeAs was determined by means of x-ray scattering, µSR and Moessbauer spectroscopy [1-
3]. The results prove an important role of the structural orthorhombic distortion disappearing exactly at the 
SDW magnetism and superconductivity phase boundary accompanied by a delicate nanoscale order revealed 
recently from NMR.  
Superconductivity and the interplay of iron and rare earth magnetic order in the iron-pnictide systems 
RO1−xFxFeAs and ROFeAs1-xPx with R=Ce, Gd, Pr, Sm has been studied by μSR, Moessbauer spectroscopy 
and high resolution XRD. We find that the undoped compounds show very different magnetic coupling 
strength of the rare earth ion to the antiferromagnetic iron layers ranging from independent order to strong 
polarization of the rare earth moments by the ordered iron [4]. Similar to LaO1−xFxFeAs the orthorhombic 
phase transition in REO1−xFxFeAs is also intimately connected to the suppression of magnetic order and the 
appearance of  superconductivity. 
Finally, we present recent studies on (Ba,Sr,Eu)Fe2As2 based pnictide superconductors. We present a 
quantitative description of coexistence of magnetism and superconductivity from combined ARPES and 
µSR measurements and the anisotropy of the electronic properties determined in these single crystal studies 
[5]. 
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Applications of perturbed angular correlation (PAC) of γ-rays spectroscopy in 
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PAC spectroscopy was first applied in biochemistry in 1968, in a study of serum albumin [1]. Over the 

following 4 decades a number of publications have appeared, demonstrating that PAC spectroscopy is a 

useful tool for the study of biomolecules [2]. Selected applications of PAC spectroscopy in will be 

presented, with a particular focus on the biological role of metal ions in catalysis, protein structure and 

folding, design of heavy metal ion binding proteins, protein-protein interaction in photosynthesis. 

 

Figure 1. PAC instrument at the centre and illustration of -rays emitted in various directions. The -rays point to experimental 

data (lover right), and three applications in biochemistry: DNA (lower left), a protein (upper left), and in vivo experiment (upper 

right). 
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Hyperfine interactions can be a powerful tool to identify local environments in many different systems. Recently it has 
been drawn attention to the possible application of the Time Differential Perturbed Angular Correlation (TDPAC) 
technique to study differences in the Nuclear Quadrupole Coupling constants ( υQ ) at Cd probes in mouse DNA 
infected with the Trypanosoma Cruzi. The electric contribution to the hyperfine interaction is usually expressed as the 
nuclear quadrupole coupling frequency υQ which is given by the product of the nuclear quadrupole moment Q and the 
Electric Field Gradient (EFG) at the nucleus. The EFG can be theoretically obtained from an ab initio electronic 
structure calculation. The 111In → 111Cd β decay can be used in a TDPAC measurement to investigate the Cd metal 
binding to DNA. The interaction of the metal with the DNA bases can change many aspects of the base pairing [1]. 
Here we study electric hyperfine properties of Cd bound to some DNA bases. The methodology used for the electronic 
structure calculations is based on the Kohn Sham [2] scheme of the Density Functional Theory (DFT) and the Car-
Parrinello [3] method. We use the Projector Augmented Wave [4] method as embodied in the (CP-PAW) 
computational code. The results of EFG and energies are discussed as function of water molecules present in the Cd²+ 
environment and compared with TDPAC measurements at Cd probes in mouse DNA infected with the Trypanosoma 
Cruzi. 
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Hyperfine interactions are due to the coupling of the nuclear quadrupole and magnetic moments with the 
electric field gradient and magnetic fields present inside a material, respectively. “Hyperfine Techniques” 
can then deliver unique information to enlighten atomic and electronic phenomenology on a nanoscopic 
scale, provided their signal will be fitted with the right model and then properly interpreted. During the last 
two decades big advances have been made for the interpretation of hyperfine data. Powerful first principle 
calculation methods of charge densities in materials provide today reliable tools for the interpretation of 
hyperfine parameters. Still, these methods rely on establishing an atomic model with the only input of the 
initial atomic coordinates, which are then allowed to relax to more energetically favorable positions. This 
brings us to the point that, since the hyperfine parameters are extremely sensitive to both relaxations and the 
atomic position of the probing atom, a technique that can provide precise local scale information about 
impurity element position can be of great use for the modeling of the atomic configurations used to interpret 
the hyperfine parameters. 

This talk introduces the emission channeling (EC) technique, which uses the fact that charged particles (in 
this case electrons), emitted from implanted radioactive isotopes, are guided by the potential of atomic rows 
and planes while traveling through a single crystal. The resulting anisotropic electron emission patterns 
around low-index crystal directions are characteristic for the lattice site occupied by the emitting atom and 
are measured with a 2-dimensional energy- and position-sensitive Si detector of 22 × 22 pixels. This 
technique allows one to measure the lattice location of a very low concentration of impurities with accuracy 
down to 0.1 Å. The combination of position sensitive detectors developed at CERN in the frame of high-
energy particle detection with the ISOLDE radioactive beam facility provides a huge number of radioactive 
element probes to be measured with high precision. Selected case study examples will be shown as well as 
the perspectives for improving this technique with new highly pixilated electron detectors recently 
developed at CERN. 
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Nuclear magnetic moment µ and the electric quadrupole moment Q of the ground state of 23Al have been 
precisely measured by the β-NMR/NQR technique. The one-proton-separation energy of 23Al is very small 
(125 keV) and so 23Al is expected to have an exotic structure. Recently, a large reaction cross section of 23Al 
at the intermediate energy (~36A MeV) was reported [1,2] and that indicated the possibility of the proton-
halo structure of 23Al. In previous work, we successfully obtained NMR signal of 23Al in a Si single crystal 
which had enough precision to determine the spin and parity of the ground state as Iπ = 5/2+ [3]. In present 
work, we have remarkably improved the precision of µ(23Al) and have obtained the quadrupole coupling 
constant eqQ of 23Al in Al2O3 for the first time to discuss details of the nuclear structure. 

Experiment was performed at RIKEN Nishina Center. 
Unstable 23Al beam were produced through high-energy 
nuclear collisions of 100A MeV 24Mg12+ ions and 9Be. 
The nuclear spin polarization of 23Al were produced by 
restriction of the outgoing momentum and the emission 
angle relative to the primary beam by utilizing the 
projectile-fragment separator RIPS at RIKEN. After the 
separation, the polarized 23Al ions (~ 90% purity) were 
implanted into single crystals of Si and α-Al2O3 for the 
µ and Q measurements, respectively. By use of the β-
NMR/NQR method at the room temperature, we have 
precisely determined the µ moment as |µ| = 3.8881(14) 
µN, and Q moment as |Q| = 168(10) mb as shown in Fig. 
1 together with the best-fit-shape function. From the results, we will discuss the possible nuclear structure of 
23Al by comparison with the mirror nuclei 23Ne and the other nuclei which locates around 23Al such as 22Mg 
that is known to have well-deformed structure. 
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Fig.1 Obtained β-NQR spectrum of 23Al in Al2O3 
at room temperature. 
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Three hydrogen bonded organic systems: phenazine–chloranilic acid (1:1), 1,2-diazine–chloranilic acid (2 : 1) and 
2,3,5,6-tetra(2’-pyridyl)pyrazine-chloranilic acid (1:2) have been recently studied by 14N nuclear quadrupole 
resonance (NQR). Several 1H-14N nuclear quadrupole double resonance techniques have been used to obtain the 14N 
NQR spectra.  

In phenazine-chloranilic acid (1:1) the 14N NQR parameters suggest that donor orbital populations of the two nitrogen 
atoms in a phenazine molecule become nonequivalent in the ferroelectric phase below Tc = 253 K, while they are both 
equal in the paraelectric phase. In the deuterated compound besides the ferroelectric transition at Tc = 286 K, a neutral 
to ionic transition was found at T = 188 K associated with the proton transfer from chloranilic acid to phenazine.  

Protons involved in the H-bond system in 1,2-diazine–chloranilic acid (2 : 1) are assumed to be in jumping motion in 
the double-minimum potential corresponding to the two extreme electronic states of O-H…N and O-…H-N+. The 14N 
nuclear quadrupole coupling tensor is used to determine the population of the states. The NQR data suggest that not 
only the population but also the electron distribution of the extreme electronic states itself changes with temperature.  

The complete 14N nuclear quadrupole resonance spectrum has been measured in ferroelectric and paraelectric 2,3,5,6-
tetra(2’-pyridyl)pyrazine-chloranilic acid (1:2) The quadrupole coupling tensors are assigned to various nitrogen 
positions in the crystal structure. Two types of asymmetric N-H…N hydrogen bonds are observed in the ferroelectric 
phase. A slow dynamics influencing the 14N NQR spectrum and relaxation has been observed in the paraelectric 
phase. The analysis of the 14N NQR spectra in the paraelectric phase shows that above Tc each hydrogen bond 
exchanges between the two types observed in the ferroelectric phase. The change of the type of hydrogen bond is 
associated with the transfer of protons within the bond. 
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Quantum systems in an entangled state [1] can be used as a primary quantum information channel to 
perform computational [2], communicational [3], metrological [4, 5] and cryptographic tasks that are 
impossible for classical systems. These possible applications of entangled quantum states stimulate intensive 
research in the fields of generation and manipulation of them. Entangled states may appear in various 
systems of interacting quantum particles, such as phonons, ions, electron, nuclear spins, and of a single 
particle interacting with environment. 
 
We study entanglement between quantum states of multi level spin system of a single particle considering a 
nucleus with spin 3/2 in both the internal electric field gradient and the external magnetic field. It was shown 
that entanglement is achieved by applying a magnetic field to a single particle at low temperature ( 5 mK). 
In this temperature range, the numerical calculation revealed the coincidence between magnetization and 
concurrence. As a result, the magnetization can be used as an entanglement witness for such systems.  
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Recently, hydrogen-bonded supramolecular co-crystals have attracted much interest in aim for functional materials 
such as ferroelectrics [1]. By use of 35Cl nuclear quadrupole resonance (NQR) we have studied an organic 
ferroelectric, phenazine(Phz)-chloranilic acid (H2ca) co-crystal, Phz-H2ca, and found an electric field gradient 
fluctuation probably due to a proton dynamics in hydrogen bond [2].  For the detection of rather slow motion of proton 
in the hydrogen-bonding system, NQR spin-lattice relaxation of the nearby atom will be quite sensitive. In the co-
crystal of tetramethylpyrazine (TMP) with H2ca, TMP-H2ca, the spin-lattice relaxation time (T1) of 35Cl NQR showed 
a steep decrease with increasing temperature above ca. 250 K. The decrease could be explained by the Arrhenius law 
with the activation energy of 35 kJ mol 1 [3]. In the present paper we studied a possible proton motion in another 
compound with a similar one-dimensional hydrogen bond, DMP-H2ca, the co-crystal between 2,6-dimethylpyrazine 
(DMP) and H2ca. The isotope effect on the hydrogen motion by deuteration of the acid hydrogen in TMP-H2ca was 
also studied. Fig. 1 shows temperature dependence of 35Cl T1 of TMP-D2ca compared with that of TMP-H2ca. By the 
deuteration  the activation energy increased to 50 kJ mol 1. The deuteron motion was confirmed by 2H NMR spin-
lattice relaxation measurements which resulted in the activation energy of 49 kJ mol 1. Fig. 2 shows temperature 
dependence of 35Cl T1 of DMP-H2ca. In this compound the relaxation is dominated by lattice vibration suggesting no 
transfer motion of proton between the acid and base molecules.  
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       Fig. 1  35Cl NQR T1 of TMP-H2ca. 
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       Fig. 2  35Cl NQR T1 of DMP-H2ca. 
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Structure and bonding in Lewis acid-base complexes has long been a subject of much chemical interest. 
Clearly, notions of intrinsic strength and compatibility of the acid and base should be important, and basic chemical 
ideas relating to acidity and basicity are expected to apply. Central to most simple theories of Lewis acidity is the idea 
that both ionic and covalent interactions play important roles in stabilizing the donor-acceptor bond [1].  

In this report, we present a DFT calculations based on a microwave spectroscopic, nuclear quadrupole 
resonance and Mössbauer investigation of the donor-acceptor complexes formed from metal halides such as PtCl2, 
PtCl4, XeF2, AuCl, AgCl, SbCl5, SnCl4, TiCl4, SnBr4, NbCl5, TaCl5 , ICl, I2, IBr with organic ligands. All ligands have 
a different basicity and softness. Therefore, it is of interest to investigate these complexes with a different acids and to 
compare their structural and electronic properties.  

The full optimisation of geometry was carried out using some DFT functionals achieved within the 
GAUSSIAN’03 program. The calculations of the complexes were carried out with different basis sets: SDD, 
DGDZVP and 3-21G*. The quadrupole coupling constants of the central atoms and the formation energy of some of 
the complexes has been broken down using the extended transition state (ETS) scheme implemented in the ADF 
package. There are bases to consider, that the relativistic effects basic for such heavy atoms should be considered by 
the zero order regular approximation (ZORA) that is more reliable than the widely used Pauli formalism.  

An analysis of the quality of the calculations that employ pseudo-potentials and all-electron basis sets 
for the halogen compounds was carried out. The ZORA method is shown to be a viable alternative for the 
calculation of halogen coupling constants in molecules [2]. In addition, the ZORA model, in contrast to the 
pseudo-potential model, leads to realistic values of all metal nuclear quadrupole coupling constants [3].  

The calculated energy terms can be identified with three main components of the chemical bond, i.e. 
Pauli repulsion, electrostatic attraction and covalent interaction. As a result, we receive the answer to a 
question about the relative contributions of covalent and electrostatic interactions to the donor-acceptor 
bond. If for the transition element complexes the electrostatic bonding is larger than covalent bonding while 
for the non-transition element complexes the tendency opposite.  

In the language of the theory of hard and soft acids and bases, the calculated energy gaps involve 
direct mixing of the donor and acceptor orbitals. Energy of the bonds, calculated from the general energy of 
molecules with ZPE corresponded as formation energy of the ETS scheme, and to experimental enthalpy of 
the complex formation. The electron density on the nucleus obtained by our calculations substantially 
corresponded to the known  Mössbauer data.  
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The family of metamagnetic compounds RNiAl4 (R = rare earth) exhibits a range of interesting magnetic 
behaviours.  There are multiple magnetic phases, and crystal field driven differences in anisotropy and 
behaviour when different rare earth ions (R) are present in the compound.  TbNiAl4 is one illustrative 
example. It has two phase transitions (three phases) as a function of temperature in low applied magnetic 
field, and also at least three phases as a function of applied magnetic field at low temperature [1].  Aligned 
with the first of these field driven transitions is a large inverse magneto-caloric effect (MCE) [2].  Recent 
neutron diffraction studies carried out on single crystal TbNiAl4, in applied magnetic fields, show the onset 
of an incommensurate antiferromagnetic ordered phase above the first field induced phase transition [3]. 
This observation vindicates the existence of the higher entropy state at higher applied field that is required 
for an inverse MCE but contradicts the predictions of other authors who suggest a spin flop transition [4]. 

Low Temperature Nuclear Orientation (LTNO) can also be usefully applied to TbNiAl4 and other RNiAl4 
compounds to investigate magnetic structure.  In the case of the Tb compound, neutron activation is used to 
create in situ 160Tb LTNO probes. However, as we found recently, TbNiAl4 crystals must be annealed after 
thermal neutron irradiation in order to remove damage and restore full gamma-ray anisotropy [5].  In this 
paper, we present new LTNO results for annealed TbNiAl4, in applied fields extending to 9 tesla. These 
results support the model of magnetic struture revealed by the earlier neutron diffraction studies. LTNO is 
also applied to crystals of compounds with R = Nd and Pr.  These additional studies magnetic fields 
sufficient to traverse the respective first metamagnetic transitions were also used and behaviours similar to 
the TbNiAl4 case were observed. 
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The MnAs compound1 shows a first-order transition at ~42 oC, with structural (hexagonal-orthorhombic), 
magnetic (FM-PM) and electrical conductivity changes, and associated magnetocaloric, magnetoelastic and 
magnetoresistance effects. At ~120 oC it undergoes a second-order transition, becoming paramagnetic 
hexagonal. We report a study in the temperature range of -190-140 oC, using the γ- γ Perturbed Angular 
Correlation method, complemented by first principles calculations. 
The radioactive ion probe 77Se, with the double gamma decay cascade, implanted as 77Br, at ISOLDE-CERN 
laboratory is used to determine the Electric Field Gradient (EFG) and Magnetic Hyperfine Field (MHF) 
across the first-order phase transition encompassing the pure and mixed phase regimes in cooling and 
heating cycles. In the hexagonal phase the spectra is determined by the MHF whereas in the orthorhombic 
phase MHF is zero. The fractions of each phase are determined as a function of temperature. The 
temperature irreversibility of the first-order phase transition is seen locally, at the local atomic scale 
sensitivity of the hyperfine field, by the hysteresis of the fractions of each phase, in agreement with 
macroscopic magnetization and X-ray powder diffraction measurements. The MHF of the hexagonal phase 
is the same at a given temperature, irrespective of measuring on cooling or heating the sample, even in the 
phase coexistence region. The values of hyperfine parameters obtained using first-principles density 
functional theory with the LAPW method (Wien2k code2) are compared with the experimental results, 
considering the Se probe at both Mn and As sites, with the clear assignment of the probe location to the As 
sites. 
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      Unique magnetic properties were earlier found by measuring the NQI parameters in a number of bismuth (III) oxy 
compounds with s- and p-electrons hitherto classified as diamagnetic [1]. In α-Bi2O3 single crystal the magnetoelectric 
effect and paramagnetism depending on magnetic prehistory of the sample were observed [1].  
       In Bi4Ge3O12 (BGO), local magnetic fields (Hloc) of the order of 20-30 G were found by modeling the Zeeman 
split 209Bi NQR spectra and spin-echo envelope [2-3]. A dramatic increase in the 209Bi line intensity was observed for 
this compound in the Zeeman fields (He ) hence revealing a remarkable elongation of the nuclear spin-spin relaxation 
time T2 under the influence of He [4]. This stimulated relaxation studies of the BGO crystals doped with the 
“magnetic” atoms Cr, Nd, Pr, Gd. 
       Here, we present the results of a study of the 209Bi nuclear quadrupole spin-spin and spin-lattice relaxation in pure 
and doped BGO single crystals in the temperature range 4.2 300 K.  
       Various mechanisms (quadrupole, crystal electric field, electron spin fluctuations) governing the temperature 
dependence of the spin-lattice relaxation time T1 in pure and doped samples at different temperature ranges are 
considered.      
      Unlike T1, the spin-spin relaxation time T2 for pure and Nd-doped samples only weakly depended on temperature 
over the whole temperature range studied. Doping BGO with paramagnetic atoms strongly elongated T2, the 
elongation being also observed under the influence of weak external magnetic fields. 
      The magnetization of doped BGO crystals vs. magnetic field and temperature was measured using a SQUID 
magnetometer. The temperature behavior of magnetic susceptibility for the Nd-doped BGO crystal evidenced for the 
presence of the crystal electric field effects. The curves of magnetization vs. magnetic field measured for the Gd-
doped BGO crystal under field cooling and zero-field cooling conditions were markedly different, although this 
difference was less pronounced than that for the α-Bi2O3 crystal [1].  
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Summary:  
  
The 209Bi nuclear quadrupole spin-lattice and spin-spin relaxation were studied in the BGO single crystals which 
exhibit, as was previously found, anomalous magnetic properties. The results revealed unexpectedly strong influence 
on the relaxation processes of tiny amounts of paramagnetic atoms (0.1-0.5 mol%) inserted into the BGO crystals.  
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I will review briefly the underlying concepts of electronic structure calculations in solids and more 
specifically describe density functional theory and the APW+lo method as implemented in the WIEN2k 
code [1]. Special emphasis will be given to explain the calculations of isomer shifts, magnetic hyperfine 
fields and electric field gradients (EFG) and in particular I’ll discuss how we can interpret the results and 
what we can learn from a particular hyperfine parameter. For the case of several fluoro-aluminates I’ll 
demonstrate the strong dependency of the EFG (and even more of the asymmetry parameter  on the exact 
atomic positions, which makes it mandatory to optimize the internal coordinates since often the 
experimentally determined positions are not accurate enough [2]. Mössbauer spectroscopy is also a very 
valuable tool to study matter under extreme conditions and recently [3] we could explain the large change of 
the EFG with pressure in (Mg,Fe)SiO3, a very important material in the lower mantle of the earth. Finally 
I’ll discuss EFGs, isomer shifts and hyperfine fields in YBaFe2O5 (Fig.1), a material which exhibits a 
Verwey transition between a charge-ordered and valence-mixed state [4] with temperature. During this 
transition the crystal structure, the magnetic order, the charge state and the hyperfine parameters change 
dramatically. 
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Fig. 1. Geometric and magnetic structure of the 
CO phase of YBaFe2O5 
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A series expansion of the interaction between a nucleus and its surrounding electron distribution provides 
terms that are well-known in the study of hyperfine interactions: the familiar quadrupole interaction and the 
less familiar hexadecapole interaction. If the penetration of electrons into the nucleus is taken into account, 
various corrections to these multipole interactions appear. The best known correction is a scalar term related 
to the isotope shift and the isomer shift. This contribution discusses a related tensor correction, which 
modifies the quadrupole interaction if electrons penetrate the nucleus: the quadrupole shift. We describe the 
mathematical formalism and provide first-principles calculations of the quadrupole shift for a large set of 
solids. Fully relativistic calculations that explicitly take a finite nucleus into account turn out to be 
mandatory. Our analysis shows that the quadrupole shift becomes appreciably large for heavy elements. 
Implications for experimental high-precision studies of quadrupole interactions and quadrupole moment 
ratios are discussed.   

This contribution brings alive the analysis that is reported in Ref. [1], updated with very recent experimental 
follow-up work [2]. 
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The nuclear quadrupole interaction in the molecular crystals of chlorine, bromine and iodine has been studied very 
early after the introduction of the NQR method. One should thus believe that precise experimental results are 
available. It will be argued here that for Cl2 and Br2 this is not the case at all. 
Obviously several attempts on interpreting the existing data have been made. Actually already in the first theoretical 
analysis [1] doubts on the results for solid Br have been raised, but afterwards ignored. In a pioneering work really 
free from parameters the EFG for solid Cl2, Br2 and I2 was calculated with the density functional method FLAPW [2]. 
The comparison of the calculated asymmetry parameters  with experiment was inconclusive, however. 
The intermolecular interaction that creates  also will have an influence on the interaction frequency when compared 
to the free molecule value 0. Since precise experimental data for this shift / 0 are available, here an attempt is 
described to treat both effects on the same footing. The same method previously used to determine the halogen nuclear 
quadrupole moments [3] was therefore applied to the free halogen molecules and the solids. The results are 
summarized in Table 1: 
 

Table1: Calculated EFG (1021V/m2) and derived frequency shift compared to experimental shift; calculated  compared to 
published and estimated “corrected” value 

 

 

 

 

 

It is obvious that the FLAPW calculations overestimate the frequency shift by a factor of about 2 in all three cases. It 
is thus extremely likely that the same holds also for . Under the assumption that the degree of overestimation for 

/ 0 and  is the same, “corrected” values for  may be obtained. This results in a perfect agreement with the 
precisely known value for I2. It could be demonstrated with FLAPW calculations of expanded unit cells that the 
effects of the intermolecular interaction on / 0 and  are correlated. From these calculations also for the first time a 
realistic theoretical result for the sublimation enthalpies is obtained. It may be hoped that the interpretation presented 
here will act as a stimulus for new experiments and theoretical treatments that can describe the intermolecular 
interaction better than FLAPW. 
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 Cl2 Br2 I2 
EFG(mol) 57.3 113.0 152.9 
EFG(sol) 54.1 97.9 120.0 

/ 0(cal) 0.055 0.134 0.215 
/ 0(exp) 0.025 0.055 0.119 

(cal) 0.071 0.183 0.318 
(pub) 0.0-0.2 0.200 0.175 
(cor) 0.033 0.076 0.176 
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The recoil-in-vacuum [RIV] method, which uses attenuation of angular distributions to measure nuclear excited state 
g-factors, has been shown, in a recent experiment on a 132Te beam, to offer attractive possibilities for application with 
radioactive ion beams [RIBs] when combined with modern detector arrays [1]. The more usual Transient Field method 
struggles with limited beam intensity [2]. The magnetic hyperfine interaction acting on the nuclei of the recoiling ions 
was calibrated using states of known lifetime and g-factor. It is of clear importance to establish how these interactions 
vary with element and ionization state in order to discover how the RIV approach may be best utilized. The ability to 
calculate lifetimes and hyperfine interaction strengths in complex electronic levels of multiply ionized atoms has 
advanced markedly with modern computation techniques. Dirac-Hartree-Fock multi-configuration model [3] 
calculations, applied to systems ranging from 5-electron Fe ions to 23-electron Te ions will be presented. The results, 
compared with recent RIV experiments, show great promise that such calculations can provide parameter free, a-
priori, calibrations for RIV experiments. The calculations are readily adapted to any nuclear level spin, allowing 
extension of measurement beyond the usual 2+, 4+ states of even-even isotopes to levels in odd-A and odd-odd 
isotopes. 
Projected experiments based not only on Coulomb excitation, but also on fusion reactions and fission fragments will 
be described. 
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Fig. 1. Calculated and measured  [4] attenuation  
coefficients for  Pd, Ru and Mo ions. 
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The electric field gradient, which from the point of view of the given nucleus is a measure of the inhomogeneity of the 
external electric field of all other charges, is a molecular property of the first order and can be determined from the 
knowledge of the electronic wave function and positions of nuclei. Since for accurate calculations we have to use 
highly sophisticated electron correlation approximations like the Coupled Cluster Singles and Doubles with non-
iterative Triples CCSD(T) method, which does not fulfill the Hellmann-Fyenman theorem, and therefore we are forced 
to use so-called derivatives methods instead of calculating the expectation value of the given operator. Inclusion of 
relativistic effects in calculation of electric field gradients is inevitable [1]. If one– or two–component relativistic 
methods (e.g. DKH, IOTC) are exploited, the usual method of computing, which is just a counterpart of the 
nonrelativistic scheme leads to the change of picture effect [2] manifested by significant inaccuracies of the calculated 
property values. Different techniques how to avoid the change of picture effect will be discussed [3-5].  
The combination of experimental nuclear quadrupole coupling constant obtained from microwave spectra and 
theoretical electric field gradient provides currently the best source of nuclear quadrupole moment values, at least for 
light elements. A series of such determinations of nuclear quadrupole moments will be presented [6-11].  
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We report a computational procedure developed to explore and, hopefully, to distinguish various complex diffusion 
mechanisms in materials through analysis of hyperfine spectra.  We have given initial attention to intermetallic 
compounds, which are of special interest because complex diffusion mechanisms, whereby diffusing species change 
sublattices or multiple defect species cooperate in diffusion, can be important diffusion processes.   
 
When a hyperfine probe serves as a tracer in the diffusion process, it is subjected to hyperfine interactions induced by 
evolving arrangements of defects as they move in the diffusion process.  It is not practicable to enumerate all possible 
arrangements of defects near probes, but it is sufficient to construct a model by considering only those arrangements 
that are most probable and that create the largest perturbations of the hyperfine field.  Such a model contains each 
Hamiltonian of the defect configurations under consideration and all rates of transition among the configurations.  
Even when limiting consideration of contributions to electric field gradients (EFGs) caused by defects in the first-
neighbor shell of a probe, the number of distinct Hamiltonians can be cumbersomely large.   
 
In this work, we describe a method developed to determine all Hamiltonians of a model and the jump rates among 
them.  In the first step, all possible configurations of defects within a specified range of the hyperfine probe are 
determined, subject to constraints on which types of defects are allowed, on numbers of defects, and on possible defect 
jump paths.  In the second step, a list is made of unique EFGs arising from the allowed defect configurations within a 
cutoff distance from the probe, and the connectivity from one EFG to another is determined.  In the third step, the 
rates of transition among EFG states are expressed in terms of defect concentrations and defect jump rates.  Finally, a 
stochastic model is used to calculate PAC spectra for fluctuations among the possible configurations.   
 
Using this method, stochastic models for complex diffusion mechanisms in L12-structured compounds were 
developed.  Under the approximation that only defects in the near neighbor shell of the PAC probe will have a 
significant influence on the EFG, the model for the divacancy mechanism has 45 unique EFGs and the model for the 
6-jump mechanism has 588 unique EFGs.   
 
This work is funded in part by NSF grant DMR 06-06006 (Metals Program) and computational resources were 
provided in part by KY EPSCoR grant RSF 012-03. 
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The manganites RMnO3 are a current topic of research due to the interesting interplay of various 
orders resulting in effects such as colossal magnetoresistance and multiferroism. The hyperfine quantities, 
electric field gradient and magnetic hyperfine field, highly sensitive to the neighboring charge density, can 
be used in the experiments to probe local atomic environments. First-principles density functional theory 
calculations can be compared with experiments to help in its interpretation and to assess the quality of 
different theoretical methods.  

We present the results of calculations with the density functional theory (DFT) linear augmented 
plane wave (LAPW) method, with the Wien2k code1 implementation, in the pure manganite compounds. 
The calculated hyperfine parameters are studied in a systematic way, for series of rare-earth (La, Pr, Y, Eu, 
Gd, Ho, Er, Yb) and alkaline-earth (Ca, Sr, Ba) compounds with respect to the ionic radius, structure 
(hexagonal/orthorhombic), different magnetic orders (F/A-AF, etc.) and calculated electronic structure. The 
sensitivity of the EFG to different exchange-correlation approximations (GGA, GGA+U and LDA+U) is 
also discussed. The presence of a diluted radioactive probe, as 111mCd for PAC measurements, is also taken 
into account by proper expansion of cells. 
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 Zirconia-based materials and HfO2 are in the focus of interest for many years due to their outstanding 
electrical and mechanical properties. HfO2 and ZrO2 are very similar in their crystallographic and electronic 
structure. They have three polymorphs at atmospheric pressure: their low-temperature phase is monoclinic, 
increasing the temperature they transform to a tetragonal phase, and finally to a cubic phase as temperature 
increases. 

HfO2 and ZrO2 were largely studied with the Perturbed Angular Correlations (PAC) technique with the 
181Hf→181Ta probe. But a reliable model for the electric field gradient were present recently for Ta-doped 
HfO2 [1].  PAC experiments with the 111In→111Cd were less common, and as far as we know, only two 
works were reported in the literature [2, 3].  In this work, we analyze the EFG at the Cd site for the doped 
monoclinic structure of ZrO2 and HfO2. The theoretical results are compared with those determined 
experimentally by means of PAC spectroscopy. Our calculations are based on the Density Functional 
Theory (DFT), with the Local Density approximation (LDA) and the Generalized Gradient Approximation 
(GGA) for the exchange correlation potential, as implemented in the WIEN2k version of the Full Potential 
APW+LO. Different charge states for the Cd impurity are analyzed, and their influence on the hyperfine 
parameters is discussed. 
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The ultimate goal of solid state physics is to explain the properties of solids, based on nothing more than the 
quantum interactions between their elementary building blocks: electrons and nuclei. The daily work of 
solid state experimentalists and theoreticians can be considered as making steps towards this goal. In this 
process, cross-links between theory and experiment are particularly useful. An example of a quantity that 
can both be calculated and measured with high accuracy, is the electric-field gradient (EFG). It contains 
valuable information about many aspects of solids, as for instance the electron density, the crystal structure, 
magnetism or chemical bonding. 

An EFG module was recently implemented into the FPLO code [1]. The FPLO package (www.fplo.de) is a 
full-potential local-orbital minimum-basis code [2, 3] to solve the Kohn-Sham equations on a regular lattice 
using the local spin density approximation (LSDA). The situation of a chemically disordered structure is 
covered by a CPA solver [4], relativistic effects can be treated in a related 4-component code [5], and the 
LSDA+U formalism is implemented [6].  

In this poster, we show several examples where the calculation and evaluation of the EFG helped to gain 
deeper insight into some fundamental properties of solids. 
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The study of the properties of Titanium Dioxide (TiO2) has been a subject of interest for its wide ranging applications 
in different fields. However, the current renewal of interest in this material is due to the synthesis of TiO2 
nanoparticles and its numerous potential applications [1]. As it is well known that the hyperfine-interaction 
measurements provide local information as a result of the interaction at the probe nucleus and the surrounding 
electronic charge distribution, in this study we report the result of hyperfine interaction measurement at 181Hf ( 181Ta) 
probes present as an impurity in the anatase phase of TiO2. In addition, we have performed first principle calculations 
in both phases of TiO2, anatase and rutile, and analyzed the electronic environment around the Tantalum probe atom. 
 
We have performed our calculations based on the density functional theory (DFT) with local orbitals in addition to the 
augmented plane wave (APW+LO) method as embodied in the WIEN2K code [2]. In order to introduce the Ta 
impurity a 2×2×3 super cell with 72 atoms in case of rutile and a 2×2×1 super cell with 48 atoms in case of anatase 
were constructed. Thereafter one of the Ti atoms was replaced by a Ta atom in each case. We optimized the internal 
position parameter of all atoms and kept the lattice parameters constant. It is observed that for relaxation beyond 
optimum oxygen nearest neighbor (ONN) distance the change in the electric field gradient (EFG) at Ta sites is 
insignificant. Calculations were performed with the optimized structure in each case and a reasonable agreement is 
observed with the experimental results as shown in the table below. However, the nonzero value of  for anatase has 
been attributed to a large distribution width of Q and the poor crystallinity of the anatase sample [3]. We find no 
significant change in EFG calculated with a charged Ta state in either case. Calculations are in progress to elucidate 
the variation in experimentally measured TDPAC parameters in Zr-doped rutile TiO2 carried out recently by us. 
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System Theor. / Exp. 
VZZ x 1017 (VCm-2) 

Theor. / Exp. 
η 

References  

Anatase 5.87 / 4.62(1)  0.0 / 0.22(1) [3] 
Rutile 14.16 / 13.65(10) 0.48 / 0.56(1) [3] 
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The measurement of the nuclear quadrupole interaction at impurities in simple metals with nuclear methods, 
the PAC and PAD techniques in particular, has produced a great number of precise experimental data. For 
the 4sp and 5sp impurities in the strongly deformed hexagonal metals Zn and Cd the data set is almost 
complete. It has allowed to develop a qualitative understanding of the trends observed. Within a rigid band 
model [1] the sign change at group V impurities could be explained. Several early theoretical calculations 
with different methods have confirmed the conclusions but failed to reach quantitative agreement with the 
experimental data. The local lattice relaxation around the impurities has generally been blamed for this 
problem. The present work has been started to include this effect by the use of very large (150 atoms) 
supercells and the precise FLAPW method. 

 

Fig. 1: EFG (in 1021 V/m2) for 4sp and 5sp impurities in Zn and Cd. Lines: calculated, Broken lines: 64 
atoms supercell, Dots: experimental (open dots: Q only estimated) 

For the cases where the nuclear quadrupole moments (Q) are reliably known the calculations reproduce 
quantitatively the data, with two exceptions: Ag in Zn and I in Zn and Cd. In the first case a generally not 
very reliable nuclear orientation measurement has been the data source [2]. For the second case the 
pioneering -  PAC experiment [3], however, appears quite reliable. A remeasurement with a different 
technique would be worthwhile. Whenever Q has only been estimated, strong disagreement is found. In 
these three cases (67Ge, 77Br, 123Xe) it is felt that the present work results in the first reliable value for Q. The 
qualitative features found can be understood in the rigid band model. An extensive estimation of the 
theoretical errors has been made using calculations with a 64 atoms supercell. 
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 Fe-Cr alloys form the basis of many industrially important steels, in particular, of the stainless steels. In 
recent years interest on Fe-Cr alloys grew due to the excellent resistance to irradiation induced swelling of 
ferritic stainless steels, which are expected to be key materials for developing critical structural components 
in advanced nuclear reactors. Iron-chromium alloys are characterized by extensive mutual solubility in the 
bcc phase at high temperatures, with small positive enthalpy of mixing  and by complex magnetic 
interactions [1].  All this justifies the investigation of the constitution, thermodynamics and complex 
magnetic interactions of the bcc Fe-Cr alloys.  
 
 In this work we focus on the the hyperfine fields at the Fe sites in bcc-based Fe-Cr alloys, determined from 
first principles calculations. We use the Full-Potential Linear Augmented Plane Wave method (FP-LAPW) 
as embodied in the WIEN2k code [02]. This method allows the computational of very precise total energies 
and charge densities in metallic compounds due to its full potential feature and is, one of the most accurate 
methods for electronic structure calculations in solids, specially metals. 
 
 
 
Our hyperfine fields are discussed in the light of the theoretical and experimental results in the literature. 
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 Hafnia (HfO2) and zirconia (ZrO2) are wide band gap semiconductors with high dielectric constants 
and very similar properties. Both oxides have monoclinic structure at room temperature that transforms into 
tetragonal and cubic at respectively higher temperatures. Besides both oxides display technological interest 
because their high temperature melting point as well as its chemical stability.   

 By adding small amounts of impurities present different structures that have important technological 
applications such as electrolytes for combustion cells, catalytic substrates and protecting coatings. 

 Both, HfO2 and ZrO2 have been widely studied using Time Differential Perturbed Angular 
Correlations spectroscopy (TDPAC) using 181Hf→181Ta probes. Up to now the analysis of TDPAC results 
was based in the simple assumption that probes are inert in the sense that they do not introduce any 
crystalline or electronic distortion. 

 In this contribution we present a first principles study (using the full-potential linear augmented 
plane wave plus local orbital, APW+lo) of structural, electronic and hyperfine properties of Ta impurities 
localized at cationic sites in monoclinic HfO2 and ZrO2. Due to the agreement between the experimental 
results obtained by TDPAC and our calculations of the electric field gradient tensor (EFG) it was possible to 
deduce the Ta charge state at 300 K. It was also possible to calculate the structural distortions induced by the 
impurities in both oxides. From these results the role played by the Ta impurity to create the EFG can be 
determined.  

 

 

 

 

 

 

 

  



77 
 

PS1-8-133 
 
 
Ab initio calculations and PAC study of 111In-doped (Hf/Zr)3Al2 and (Hf/Zr)4Al3 mixed 

compounds. EFGs and site preference 

    
L. A. Errico1, H. M. Petrilli2, L. A. Terrazos3, A. Kulińska4,5, P. Wodniecki4, 

K. P. Lieb5, M. Uhrmacher5, J. Belosevic-Cavor6, and V. Koteski6. 

 
1 Dto. de Física and Instituto de Física La Plata (CONICET-UNLP), Fac. de Cs. Exactas, UNLP, Argentina and 

Universidad Nacional del Noroeste Bonaerense (UNNOBA),Pergamino,  Argentina 
2 Instituto de Fisica, Universidade de Sao Paulo, CP 66318,  Sao Paulo, SP, Brazil 
3 Universidade Federal de Campina Grande, Centro de Educaçăo e Saude, Brazil 

4 Institute of Nuclear Physics Polish Academy of Sciences, Kraków, Poland 
5 II. Physikalisches Institut, Georg-August-Universität, 37077 Göttingen, Germany 

6 VINCA Institute of Nuclear Sciences, 11001 Belgrade, Serbia 
e-mail: errico@fisica.unlp.edu.ar 

            
 Hyperfine interactions and, in particular, electric field gradients (EFG), constitute a very sensitive 
tool to investigate the local environment of probe nuclei. Their measurement using Perturbed Angular 
Correlation (PAC) spectroscopy can provide detailed information on structural and electronic properties. In 
a well defined single-phase crystal with known lattice structure the interpretation of such measurements is 
usually not too difficult. But, in more complicated cases, such as multi-phase samples or systems with 
several crystallographic sites, the interpretation of the various EFG fractions is by no means straightforward. 
Arguments based on point charge summations or symmetry considerations may fail, since the chemical 
nature of the impurity causing structural distortions of its neighborhood is not taken into account. To unravel 
these complex cases, a realistic theory which models different structural and electronic scenarios is 
mandatory. 
 In the last decade, a systematic study of the EFGs of 181Hf→181Ta and 111In→111Cd probe nuclei in 
the full series of hafnium and zirconium aluminides has been carried out [1]. Recently, successful attempts 
have been made in the compounds Zr4Al3 and Hf4Al3 to assign the EFGs of 181Hf→181Ta probes to the 
possible lattice sites and even to distinguish among the lattice structures deduced from X-ray diffraction. 
Indeed, these EFGs have given evidence of substitutional Zr/Hf sites [2], as confirmed by calculations using 
the full-potential augmented plane wave + local orbitals formalism (APW+lo).  
 The present work addresses the more complicated problem of which lattice sites 111In→111Cd probes 
prefer in these aluminides. Evidently these probe atoms are different from the constituents of the aluminides. 
We report here on a theoretical and experimental study of the quadrupolar hyperfine interactions of ion-
diffused 111In→111Cd probes in polycrystalline isostructural (Zr/Hf)4Al3 samples containing small 
admixtures of the phases (Zr/Hf)3Al2. Strong preference of 111In solutes for the (Zr/Hf)3Al2 minority phases 
was observed. Detailed calculations of the EFGs and energetic considerations using the APW+lo theory 
allowed us to assign unambiguously the observed four EFG fractions to the various lattice sites of 
111In→111Cd in (Zr/Hf)3Al2 and to explain the preferential site occupation of 111In in the minority phases. 
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Crown thioethers are organic molecules that can act as molecular, metal and radioisotope carriers, ion-sensitive 
electrodes, phase transfer reagents and etc [1]. When these lock and key compounds are functionalized with 
radioisotopes, they present promising possibilities to be applied in drug design to treat and diagnose diseases. The 
Time Differential Perturbed Angular Correlation (TDPAC) technique has been suggested in the literature, in 
connection with different radioactive probes, to aid in this study [2,3]. An important issue to be addressed in the case 
of biomedical applications is the structural stability of the Crown thioethers, under different conditions, what can be 
done through state of the art ab initio electronic structure calculations. Here we study the electronic, structural and 
electrical hyperfine properties of some Crown thioethers complexed with Ag or Cd. We try to reproduce the different 
situations faced when there is a β decay of  111Ag to 111Cd as seen in a TDPAC experiment. We use the   CP-PAW 
code, which is an all electron ab initio method in the Kohn-Sham scheme of the DFT [4] combining the Car-Parrinello 
quantum molecular dynamics [5] and the Projector Augmented Wave basis (PAW) set [6]. Our Electric Field Gradient 
(EFG)  results are in a very good agreement with measurements [7] when the Cd+ atom is used to mimic the 
experimental situation. We also discuss the similarity in the electronic structures before and after the decay. We 
demonstrate in this issue the importance to evaluate the correct charge state  in the ab initio analysis. 
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Perturbed angular correlation (PAC) measurements have been carried out in the anti-ferromagnetic GdCrO3 
perovskite oxide using 111In (111Cd) and 181Hf(181Ta) nuclear probes. The radioactive parent nuclei 111In and 
181Hf were introduced in the compound through a chemical process during sample preparation. The PAC 
measurements were carried out in the temperature range 20-300 K. Measurements with the 181Ta indicated a 
unique quadrupole interaction above 170 K and a combined electric quadrupole and magnetic dipole 
interactions below this temperature. The observed interactions were assigned to the probe nuclei substituting 
Cr sites in GdCrO3. Measurements with 111Cd showed two quadrupole interactions. Only one of the fractions 
however, showed a combined electric and magnetic interaction in the temperature rage 20-170 K which was 
assigned to 111Cd probe substituting Cr site. The other fraction was attributed to the Gd site. The present 
results are compared with those of LaCrO3 and NdCrO3. 
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Recent publications [1,2] reported detailed studies, by a variety of methods including Mössbauer 
spectroscopy [2], of the icosahedral quasicrystal Zn77Fe7Sc16. However the Mössbauer absorber used was 
extremely thick (1mg/cm2 of 57Fe) which is more than 20 mean free paths for the 14.4 γ radiation. Thus the 
interpretation of the many spectra in terms of a distribution of hyperfine parameters, without considering the 
thick absorber problem, is in serious doubt. We have repeated some of the measurements, with the material 
studied in [1], however with a very thin absorber (3 mg/cm2 of natural iron), to be able to analyze the spectra 
in terms of various physical models. The experimental spectra, Figure 1, (5.1 K to 296 K) were least square 
fitted with a pure Gaussian distribution of quadrupole interactions at temperatures 8.1 K to 296 K, and an 
additional Gaussian distribution of magnetic hyperfine fields in the spectra at 5.1 K to 7.1 K. However the 
low temperature spectra (below 7.1 K) can also be fitted, to the same χ2, with a dynamical model, using the 
formulas given in [3], in which superparamagnetic clusters fluctuate, close to and below the spin glass 
freezing temperature (Tf ~7.5 K). Our conclusions are: (a) Indeed the iron ions are distributed in this 
quasicrystal in an almost random manner, simulated by a Gaussian distribution of quadrupole interactions 
extending even to negative values, which artificially resembles a two peak distribution [2]. (b) The spectra 
below Tf exhibit a broad symmetric shape, indicating random angles between the magnetic hyperfine field 
and the main axis of the electric field gradient. (c) The experimental spectra do not have the resolution 
required to distinguish between the static or dynamic model, with which the spectra were fitted. 

 

 

 

 

 

 

 

 

Fig. 1 Mössbauer spectra of Zn77Fe7Sc16.Note the different velocity scales for left and right spectra. 
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(Mn, Zn)xCo1-xFe2O4 ( 0  x 1.0) fine powders with particle sizes of about 4 nm have been produced by 
citrate precursor method. The evolution of the properties as a function of grain sizes and compositions has 
been investigated by x-ray diffraction, Mössbauer and magnetization measurements (4 – 350 K). 
Transformation from ferrimagnetic behavior to paramagnetic state is observed with increasing Zn 
concentration. The ZnFe2O4 and MnFe2O4 fine powders show enhancement of magnetic transition 
temperatures which decreases with increasing grain size. The Curie or Neel temperature enhancement is 
explained on the basis of redistribution of Zn and Mn ions at both tetrahedral (A) and octahedral (B) sites in 
nanosize samples. The FC and ZFC magnetization curves show spin-glass like behavior in (Mn, Zn)xCo1-

xFe2O4 nano ferrites. The variations of coercive field, saturation magnetization and remanance as a function 
of x and particle diameters are also presented in this work.  
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The bcc-Fe-V alloy system is not stable, for a wide range of compositions around 50%, and upon annealing, 
the -phase transforms, either into the -phase, or into the ordered metastable B2-phase, depending on the 
annealing temperature. The B2 is claimed to be a precursor of the -phase. In this study we were interested 
in the effect of temperature on the -to-  phase transformation in plastically deformed Fe-V samples. Ingots 
of an equiatomic Fe-V alloy were cold-rolled down to form platelets of 200 m thickness, which were next 
isothermally annealed at temperatures between 600oC and 800oC for different periods. Samples prepared in 
that way were investigated at room temperature by X-ray diffraction and Mössbauer Spectroscopy. The 
former gave direct evidence on the existence of the -phase, and indirect on the formation of the B2 
superstructure via a decrease of the lattice parameter. Mössbauer spectra, that dramatically changed their 
shape on annealing, gave thereby evidence that the hyperfine field has significantlylly decreased, which is 
an indication of the formation of the B2 superstructure. Assuming that the shape of the sub-spectrum 
corresponding to the B2 superstructure does not depend on the annealing time, the kinetics of the -phase 
formation was followed by studying a temperature dependence of the average hyperfine field.  
 
The results obtained with this procedure are discussed in terms of the Avrami-Johnson-Mehl equation, 
which yielded kinetics parameters such as the Avrami exponent, n, and the time constant, k. The values of 
the former are related with the mechanism responsible for the transformation, while the activation energy of 
the -phase formation was determined from the time constant, assuming the Arrhenius law. 
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Manganese-cobalt ferrite powders (MnxCo1-xFe2O4 with x varying from 0.0 to 0.6), have been produced by 
glycothermal process from pure metal chlorides. Single phase cubic spinel structure and nanophase structure 
of the as-synthesized samples were confirmed by X-ray diffraction (XRD) and by transmission electron 
microscope (TEM). The results show that the produced powders have grain sizes in the range 7 to 13 nm. 
Fe-57 Mössbauer spectra for as-synthesized and for annealed samples at 700ºC (in Ar atmosphere for 1 
hour) are found to be similar. No significant changes in the spectra are observed across the composition 
range studied. The variations of grain sizes, lattice parameters and Mössbauer parameters as a function of 
composition have also been investigated. Bulk samples in the form of pellets were also produced from the 
as-synthesized compounds for resistivity measurements. The temperature dependence of the electrical 
resistivity for the samples sintered at 1050oC were studied using the four-probe method, from room 
temperature to about 110oC in a PID controlled oven. The resistivity is observed to vary linearly with T -1/2 
[1]. This result is discussed in the context of the granular nature of the compounds where electrons can be 
assumed to tunnel between charged and neutral grains. 
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At present time is very important to study the surface magnetic properties, as well as to understand those 
relations with bulk properties of crystals. The best way for this was to use experimental methods which 
provide a possibility to compare surface and bulk properties directly. In 1988 [1,2] we have combined 
different type of Mossbauer Spectroscopy (MS): Transmission gamma-rays MS (TMS), Conversion 
Electrons MS (CEMS) and Conversion X-rays MS (XMS) in one method. So, we find possibilities to extract 
information simultaneously from the bulk and from the surface layers of crystal by combining Mossbauer 
Effect measurements on radiation with a  different track-length in material. Later this method was named by 
U. Gonser "Simultaneous Triple Radiation Mossbauer Spectroscopy" (STRMS) [3].  
With the help of this method and equipment we have investigated a processes on the surface at the phase 
transition (spin reorientation phase transition? At Neel or Curie points) in the bulk of crystal.  
In the given report is observed the results of the studding the surface properties of bulk crystals. as well as 
the processes on the surface at the phase transiotion (at Curie or Neel point, at spin-reorientation) in the 
bulk. There has been shown by theoretical analysis that the experimental results obtained by STRMS are of 
crucial importance for understanding of fundamental magnetic properties. 
Author expresses gratitude to the Russian Fund for Fundamental Research (grant 09-02-90447) for 
supporting this work  
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Perturbed angular correlation (PAC) technique has been used to measure the magnetic hyperfine field (Bhf) 
in the antiferromagnetic isostructural compounds PrRh2Si2 and GdRh2Si2 using 140La 140Ce as probe 
nuclei. Since the intermediate level in 140Ce at 2083 KeV with J  = 4+ used in the PAC measurement has a 
very small quadrupole moment, one observes only the magnetic interaction with this probe. The samples 
were prepared by arc melting the constituent metals Ce(99.9%), Rh(99.98%) and Si(99.9999%) in 
estoiquiometric proportions followed by annealing in vacuum at 900°C during 5 days. The samples were 
analyzed by X-ray diffraction, which confirmed single phase in both cases corresponding to the ThCr2Si2 
structure. The radioactive parent nuclei 140La, obtained by the neutron irradiation of La, were introduced as a 
highly dilute impurity ( 0.1%) into the compounds during arc melting process. The PAC measures were 
performed in the temperature range of 10 K to 70 K in the case of PrRh2Si2 and 10 K to 105 K in the case of 
GdRh2Si2. While the temperature dependence of Bhf for PrRh2Si2 follows a typical behavior expected for a 
second order magnetic transition, the behavior in the case of GdRh2Si2 is anomalous. The values of 
hyperfine field (Bhf) at 10 K, determined from the present measurements are 129.5(5) T and 25.6(4) T 
respectively for PrRh2Si2 and GdRh2Si2. This difference is explained by the difference in the mechanism for 
the formation of magnetic moments in the two compounds. The Neél temperatures (TN) were determined to 
be 70.6(3) K and 106 (1) K respectively for PrRh2Si2 and GdRh2Si2 in good agreement with values found in 
the literature.  
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The perturbed angular correlation (PAC) technique was applied to study the rare-earth (R) local environment 
in a series of rare-earth manganites (RMnO3, R=Nd, Sm, Eu, Gd, Ho, Y, Er, Yb, and Lu). By measuring the 
electric field gradients (EFG) at the rare-earth site, the charge distribution of the R neighborhood was fully 
characterized. The EFG were studied as a function of the rare earth ionic radius (RI) and the results were 
interpreted with the help of ab-initio calculations using the density functional full potential augmented plane 
wave (FLAPW) method. 
 
The experimental and simulated results show two different EFG distributions for all compounds. Different 
local environments were observed depending in the crystalline structure (orthorhombic or hexagonal) being 
only one directly attributed to the rare-earth crystalline site. The existence of intrinsic nanoscale electronic 
inhomogeneities scenario associated to subtle distortions around the R-O polyhedra is discussed. 
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Polycrystalline powders of synthetic and natural ilmenite (FeTiO3) assemblages pressurized in a diamond 
anvil cell have been studied at room temperature using 57Fe Mössbauer spectroscopy to elucidate the 
magnetic-electronic pressure response of different ilmenite samples. Natural ilmenite samples used included 
an untreated sample derived from the Hillindale mining area in   KwaZulu-Natal, South Africa and a heat 
treated sample (to increase oxidation) from the same source. Asymmetry in the Mössbauer lineshape 
(doublet) profile is initiated at low pressure and persists to the highest pressure in all samples. This is 
especially evident in the synthetic sample which has a symmetric doublet (and only Fe2+) at ambient 
pressure. The asymmetry is perhaps attributed to Fe3+ emerging (i.e., pressure-induced oxidation). Metal-
metal charge transfer along the c-axis of the unit cell between face sharing octahedra of Fe2+ and Ti4+ cations 
may be one , albeit, contentious explanation for this [1,2]. If we consider the asymmetry in the relative 
intensities of the doublet to be a result of an increase in the ferric-ferrous ratio from charge transfer (and not 
from texture effects or the GKE), then the following quantitative behavior is obtained. The Fe3+/Fe2+ ratio in 
the heat treated sample as deduced from the theoretical fits to the data shows a gradual increase of 0.28 to 
0.38 in the pressure range 0 GPa to 14 GPa, the highest pressure reached for that sample. The phase 
abundance of the ferric component in the synthetic sample increases from 0 to 15% at 18.5 GPa, then seems 
to decrease at higher pressure as a structural transition ensues. A perovskite high pressure phase initiates at 
~18 GPa corresponding to Fe2+ in dodecahedral coordination.  It coexists in ever increasing abundance, and 
over a wide pressure range with the corundum-type low-pressure phase (i.e., sluggish transition at room 
temperature). The relative content of Fe2+ in the perovskite phase increases at the expense of Fe2+ in the low-
pressure ilmenite phase. The trend observed in the abundances of the ferric and ferrous components of the 
ilmenite-corundum structure of the untreated natural sample is similar to what is seen in both the heat treated 
and synthetic samples.  In the low pressure region (up to 4 GPa), the Fe3+/Fe2+ ratio in the untreated natural 
sample increases significantly and thereafter continues to increase into a “plateau” region. The ratio is ~0.10 
at ambient conditions and ~0.30 at 15 GPa, the highest pressure attained in the study of this sample.  
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The spinel FeCr2S4 has been studied intensely during the past for its magnetic and orbital ordering 
properties. Ferromagnetic coupling occurs between the B-site Cr. The A-site Fe2+ couples 
antiferromagnetically to the Cr sublattice. The ferrimagnetic order is driven by the Cr coupling. Recent 
muon spin rotation data [1] give strong evidence that the earlier claimed magnetic structures are in fact more 
complex. The collinear ferrimagnetism found between the Curie temperature TC=165 K and 50 K changes to 
an incommensurate, probably helical structure. Close to the ordering/reorientation temperatures considerable 
spin disorder is detected. Below 10 K orbital order is found.  
 
Several attempts have been reported for an interpretation of the iron hyperfine spectra based on the 
assumption of collinear magnetic structures. We present new experimental Mössbauer spectroscopic data 
and a new strategy of analysis taking into account the magnetic correlation results obtained from muon spin 
rotation. The influence on spectral shape by changing Jahn-Teller dynamics will be discussed. Special 
emphasis is given to the interpretation of the spectra close to the spin reorientation near 50 K and near the 
orbital ordering transition indicating the splitting of the orbital ground state of Fe2+ and a possible formation 
of an orbital glass state. 
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Boracite Fe3B7O13(OH) is a new ion oxide synthesized by hydrothermal method [1]. The crystal structure is 
trigonal (R3cH) with the lattice constants of a=8.590Å and c=21.107Å (hexagonal notation) at room 
temperature. Iron ion, Fe2+, occupies a pentahedral site. Three pentahedrons share the upper corner, which is 
probably occupied by OH- ion [2,3], and thus three Fe2+ ions form a triangular cluster in the c-plane. The 
material is an antiferromagnet with TN=4.9 K. Ising-like behavior is observed [1]. In order to investigate the 
local structure and the magnetic structure, we have applied 57Fe Mössbauer spectroscopy. The spectra were 
measured in conventional transmission geometry by using 57Co-in-Rh as the -ray source. The powdered 
specimen was used as an absorber. 

The paramagnetic spectrum at 293 K is shown in Fig.1. The spectrum is composed of a paramagnetic 
doublet with sharp line widths (0.24mm/s), indicating that there is only one crystallographic Fe site. The 
room-temperature value of isomer shift (IS) is 1.16mm/s, which indicates that the Fe ions are in high spin 
Fe2+ state. The quadrupole splitting (QS) is very large (3.21mm/s) due to the valence electron contribution. 
The spectrum at 4.2 K, just below TN, is shown in Fig.2. The spectrum is a well-resolved hyperfine sextet 
with sharp line widths (0.30mm/s), indicating that the hyperfine field (Hhf) glows rather rapidly below TN. 
We can obtain the best fit curve with the parameters; IS=1.29mm/s, QS=3.52 mm/s Hhf=3.6T, asymmetry 
parameter =0.5, and Euler angles =20º and =0º. By evaluating the principal axis of electric field gradient 
(EFG) from the lattice contribution, we can deduce that each three Fe2+ magnetic moment is directed from 
Fe2+ ion to OH- ion. Taking into account that the system is antiferromagnetic as a whole, a probable 
magnetic structure is 6-sublattice model, which is consistent with that derived from the static magnetic 
properties [1]. 
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Magnetic  and  electric  transport  studies  have  been  made  on  cerium - calcium  substituted  perovskites  
La1-2xCexCaxMnO3 for x = 0.05, 0.10 and 0.15, prepared by solgel method. Magnetization and electrical 
measurements are reported in the temperature range 20 K – 300 K and in fields upto 8 kOe and 2K – 300K 
and in fields upto 14 T respectively. All the samples undergo paramagnetic to ferromagnetic transition. 
Among the Ce/Ca substituted samples LCeCaM15 is highly disordered. Addition of 10 atomic% Ca into 10 
atomic% Ce substituted system drives the FM state towards a more disordered one and when in place of 10 
atomic% Ce, the substitution is of 5 atomic% Ce and 5 atomic% Ca, the system shows up to be far better 
FM ordered. In the series La1-2xCexCaxMnO3 no upturn is seen in resistivity but there is only a slight 
tendency of increase at ~30 K [Figure 1]. This would mean that in the Ce/Ca substituted samples, of the two 
competing factors – decreasing scattering with lowering of temperature leading to reduction in resistivity 
and spin polarized tunneling leading to enhancement of resistivity - the factor of decreasing scattering 
overtakes. In insulating regions of all the samples, at temperatures above the M – I transition points, 
conduction is controlled by variable range hopping and at higher temperatures small polaron hopping 
mechanism is operative [1]. Values of activation energy are much smaller those reported in other substituted 
manganites [2]. The magnetoresistance (MR), plot shown in Fig. 1 as a function of temperature, is observed 
to be negative and large. For all the three samples, under 5 T field it is as high as ~40% at temperatures close 
to I – M transition and under 14 T the maximum is ~68% for LCeCaM05. At 300 K and under 5 T field it is 
close to 15% for all the samples.  
 

 

Fig. 1. Temperature dependent magnetization and resistivity (inset show MR plot) of 5 atomic % Ce and 5 atomic % Ca 
substituted sample. 
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In this work, we have investigated magnetic properties of the ferromagnetic GdZn compound by perturbed 
γ-γ angular correlation (PAC) spectroscopy using 140La→140Ce (t1/2 = 3.4 ns, and g-factor 1.014) and 
111In→111Cd (t1/2 = 85 ns, and g-factor 0.306) as probe nuclei. The study of magnetic properties of rare earth 
and zinc (RZn) compounds is interesting because rare earth elements present a localized magnetism 
associated with 4f electrons, and these electrons do not participate in chemical bonds, as a consequence the 
RZn magnetic properties originate from the 4f electrons of rare earth. The compound GdZn exhibits the 
cubic CsCl structure and the Curie temperature is 268 K. The saturation moment at 4.2 K lies along the 
[101] and the value is 7.30 μB. 

The PAC spectroscopy provides information about the hyperfine interaction between nuclear external fields 
and nuclear moments of a probe nucleus at a certain atomic site in a crystalline structure, and consequently 
allows extracting information of the involved hyperfine parameters, as well as the characterization of phase 
transitions of the crystal. This technique is based on the emission of two gamma radiations in a cascade as a 
result from the decay of the excited states of the probe nucleus. 140La(140Ce) probe is very interesting 
because show low quadrupole moment (Q), what allows only measurements of the magnetic hyperfine field 
(mhf). 140La (140Ce) probe were obtained by the irradiation of natural La at the IPEN research reactor with a 
neutron flux around 3 x 1013 ncm-3/s. 

The compound GdZn (Gd = 99.9% e Zn = 99.999% purity) was prepared by arc-melting the constituent 
elements. 140La nuclei were added to the samples by arc-melting them again along with a small piece of 
irradiated natural La followed by a thermal treatment. 111In was diffused into the samples which was sealed 
in vacuum and annealed at 800 ºC. Samples have been characterized by X-ray diffraction, and it was 
observed a major fraction corresponding to the phase of the GdZn.  

In the case of 111Cd-GdZn measurements it was observed one frequency which corresponds to the probe 
nucleus replacing a position of one atom in the cubic structure of GdZn. The hyperfine parameters at 10 K 
were νM = 74.819 MHz, νQ = 1.573 MHz and δ = 0.51%. The results shows that the temperature dependence 
of magnetic field can be fitted by the Brillouin function for J = 7/2. 

In the case of 140Ce-GdZn measurements showed a sharp deviation from an expected standard Brillouin 
function. The major fraction with magnetic frequency νM = 767.293 MHz and δ = 0.84% at 10 K ,which 
corresponds to probe nucleus replacing a position of one Gd atom in the cubic structure of GdZn. 
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We have investigated the physical properties of DyNi2Mn doped with 57Fe by magnetisation (10 – 300 K) 
and 57Fe Mössbauer spectroscopy measurements (5 – 300 K). X-ray diffraction analysis indicates that 
RNi2Mn compounds crystallize in the MgCu2-type (C-15-type) cubic structure (space group: Fd 3m) [1-2] 
even though the ratio of rare earth atoms to transition metal atoms is 1:3 as confirmed by energy dispersive 
spectroscopy [1]. The DyNi2Mn ordering temperature has been derived to be TC = 95 K - much higher than 
those of the corresponding DyNi2 (TC ~ 22 K) and DyMn2 (TC ~ 35 K) compounds [1]. 

Our detailed analyses of isothermal M-H curves and the related Arrott plots confirm that the magnetic phase 
transition at TC for DyNi2Mn is second order. The magnetic entropy change around TC has been found to be 
4.0 J/kg K for a magnetic field change of 0 T to 5 T. The Mössbauer spectra below TC were fitted with three 
sub-spectra representing three inequivalent local magnetic environments while two doublets were used to fit 
the paramagnetic Mössbauer spectra. Mean values of the 57Fe hyperfine interaction parameters of 
DyNi2Mn(57Fe) have been determined from the Mössbauer spectra (e.g. Fig. 1).  
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Fig. 1. 57Fe Mössbauer spectra and fits for DyNi2Mn(57Fe) over the temperature 
range 5–300 K. Examples of the subspectral components are shown. 
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     The nuclear magnetic resonance on oriented nuclei (NMR-ON) is a powerful method for investigating 
the hyperfine interactions of probe nuclei in ferromagnetic 
metals.  A systematic study of the hyperfine fields gives us very 
important information on the electronic structures of the 
elements in ferromagnetic host metals.  Previously, we reported 
successful measurement hyperfine field of 59Fe in iron host [1], 
and nuclear spin-lattice relaxation time [2].  We measured the 
hyperfine field and nuclear spin-lattice relaxation time of 59Fe 
in nickel host using -ray detected NMR-ON method. 
     The sample of 59FeNi was produced by irradiation of 58FeNi 
foil with thermal neutrons.  After irradiation the sample was 
annealed at 800oC in vacuum for 1 hour.  The NMR-ON 
experiment was performed by 3He/4He dilution refrigerator at 
Niigata University.  The sample was cooled down to about 
10mK.  The asymmetry of  rays was monitored by two Si 
detectors mounted at 0o and 180o with respect to the orientation 
axis.  The resonance spectra were measured at external field B0 
= 0.1, 0.2, 0.4, and 0.6 T.  From the linear shift of resonance 
frequencies with external field B0, we obtained 0 = 48.34(1) 
MHz.  The magnetic moment of 59Fe was reported as                

 = -0.3358(4) N [1].  Using this value and neglecting a 
possible Knight shift, the hyperfine field of FeNi was deduced 
to be BHF = -28.33(5) T, which is in good agreement with the 
previously reported value of 28.2(2) T [3].  The nuclear spin-
lattice relaxation time was also measured by turning FM on and 
off at the center of the resonance frequency.  The further data 
analysis is in progress. 
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Fig. 1.  NMR-ON spectra of 59FeNi for 
B0 = 0.1, 0.2, 0.4, and 0.6 T. 
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Systems exhibiting coupling between ferroelectric (FE) and (anti)ferromagnetic (AFM/FM) orders, are 
suitable for new magnetoelectric memories, which allow to write electrically information and to read it 
magnetically (or vice-versa) [1-3]. 

This work is focused in the delafossite type compound AgCrO2, which has gave rise a recent renewed 
interest due to its magnetoelectric properties [3]. Single-phase polycrystalline samples were prepared through 
the standard solid-state reaction method, using O2 flow. The phase purity was checked [3] through Rietveld 
XRD powder analysis. The temperature dependence of the magnetization and of the dielectric constant 
exhibits the expected behavior near the AFM and FE ordering temperature (TN =21 K). Furthermore, the 
temperature dependence of the magnetic susceptibility below T=100 K shows a peculiar behavior, generally 
attributed to the development of 2D short-range magnetic correlations (SRMC), due to strong frustration, 
coming from the AFM exchange interactions in a triangular spin lattice [4]. 

We have studied in detail the temperature dependence of the electric field gradient (EFG) at the Cr site 
via perturbed angular correlation measurements with the 111In probe. We have evidence that a second EFG 
emerges below 100 K and remains down to 10 K. In addition, the relative abundance of these two EFG 
varies linearly extrapolating to 50% at T=0 K. 

Taking into account the strong interplay between magnetic and electric degrees of freedom present in 
AgCrO2, the SRMC can facilitate the onset of a second EFG (EFG2) that having a relatively close frequency to 
the first one (EFG1), but with a different asymmetry parameter ( 2). A possibility that could explain our data 
is connected with ion polar displacements that would start below 100 K. A-site displacements were in fact 
suggested to occur in LiCrO2

[5]. Moreover, a distortion of the Cr triangular lattice was claimed below TN in 
CuCrO2 [6]. In this way, our results suggest that the observed EFG2 might be associated with a precursor 
effect of the FE/AFM phase transition. 
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FeSb2 has gained much interest in recent years, because of its potential as a thermoelectric material. It is a 
nearly ferromagnetic small gap semiconductor with a semiconductor-metal transition above 80 K [1]. It 
crystallizes in the marcasite structure, where Fe has only one crystallographic site, surrounded by distorted 
Sb-octahedra [2]. These octahedra are corner shared in the ab-plane and edge sharing along the c-axis. With 
decreasing temperature the distortion of the octahedra increases, showing a maximum around 100 K [3]. At 
low temperatures the material is diamagnetic. With increasing temperature a paramagnetic-like behavior is 
observed. The aim of this work is to get more information about the magnetic state of the iron atom in this 
compound. We report on 57Fe Mössbauer investigations in zero and in applied fields up to 13.5 T at 
temperatures between 4.2 K and RT on polycrystalline FeSb2 samples enriched with Fe-57. The spectra 
were analysed by solving the full Hamiltonian, taking into account both electrostatic and magnetic 
interactions, as well as the sample thickness.  
The zero field spectra can be fitted by only one subspectrum, with a quadrupole splitting which increases 
with decreasing temperature, reaching a maximum at about 50 K. In contrast to this the in-field spectra are 
extremely complex. Several models were tested to explain the spectra. At least 5 subspectra is necessary 
with line widths for some of them indicating that this is only a minimum number. Common to all models is 
that the mean values for quadrupole splitting and center shift fit well to the zero-field results.  
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Figure 1: Selected Mössbauer spectra as a 
function of temperature. 
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There is renewed interest in bismuth ferrite, BiFeO3, due to its special multiferroic properties at and above 
room temperature (RT) [1, 2]. It is therefore important to investigate the structural, electronic and magnetic 
properties of doped BiFeO3 systems such as BiHoFeO3 using a suite of spectroscopic methods. Here we 

present results of 57Fe-Mössbauer spectroscopy (MS) studies 
on Ho substituted BiFeO3. The MS measurements were 
performed in standard transmission geometry with a 
57Co(Rh) source, at 90 K and on the as-synthesized sample, 
and at room temperature after annealing the sample at 
temperatures between  373 K and 1123 K in argon for 18 
hours. Selected Mössbauer spectra are shown in Figure 1. 
The spectra at 90 K, for the as-synthesized sample and after 
annealing at TA  673 K are very similar and are generally 
characterized by two Zeeman sextets and two quadrupole 
split doublets. The isomer shifts and hyperfine fields of the 
sextets are close to those observed for BiFeO3; the 
quadrupole splitting of the sextets are much larger. However, 
at TA > 673 K, the recorded spectra exhibit collapsing 
magnetic fields and pronounced growth of the central regions 
are observed at higher annealing temperatures and this is 
tentatively assigned to paramagnetic spectral components. 
Raman spectroscopy, X-Ray Powder Diffraction and 
magnetization data will be presented to confirm the findings 
obtained from the Mössbauer results. 
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Understanding the complex glassy phenomena, which accompany polaron formation in optimally doped 
manganites (ODM) is a cumbersome issue, which remains still unanswered. Here, on the basis of 139La and 
55Mn NMR measurements, performed in the temperature range 80 K – 900 K we show that glass freezing, 
observed in the Paramagnetic phase of ODM La0.67Ca0.33MnO3, is not a random uncorrelated process due to 
quenched disorder, but the signature of a collective spin-glass state, which for T<Tc consolidates with the 
Ferromagnetic state in a new thermodynamic phase. Comparison with NMR measurements on 
La0.77Ca0.23MnO3, La0.59Ca0.41MnO3, and La0.70Sr0.30MnO3, indicates that the key parameter is the magnitude 
of short range correlated polaronic distortions, which control (i) the stability of the spin glass phase 
component and (ii) the kind (first or second order) of the Paramagnetic to Ferromagnetic phase transition.  
 
 

 
139La spectra for LCMO(0.33, 0.23, 0.41) and LSMO(0.30) in 9.4 T external magnetic field. 
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Hole doped transition metal oxides are famous due to their extraordinary charge transport properties, such as 
high temperature superconductivity (cuprates) and colossal magnetoresistance (manganites). Astonishing, 
the mother system of these compounds is a Mott insulator, whereas important role in the establishment of 
the metallic or superconducting state is played by the way that holes are self-organized with doping. 
Experiments have shown that by adding holes the insulating phase breaks into antiferromagnetic (AFM) 
regions, which are separated by hole rich clumps (stripes) with a rapid change of the phase of the 
background spins and orbitals. However, recent experiments in overdoped manganites of the La1−xCaxMnO3 
(LCMO) family have shown that instead of charge stripes, charge in these systems is organized in a uniform 
charge density wave (CDW).  
Nuclear Magnetic Resonance (NMR) has been a powerful local probe for a static and dynamic investigation 
of magnetic states due to the distribution of local magnetic fields in the sample via hyperfine interactions. In 
139La NMR the lanthanum nucleus (I=7/2) directly exhibits the magnetic state (FM or AF) of the nearest 
manganese ions neighbors. Here, by using 139La NMR we provide direct evidence that the ground state of 
overdoped LCMO is indeed solitonic. By lowering temperature the narrow NMR spectra observed in the 
AFM phase are shown to wipe out, while for T < 30 K a very broad spectrum reappears, characteristic of an 
incommensurate (IC) charge and spin modulation. Remarkably, by further decreasing temperature, a 
relatively narrow feature emerges from the broad IC NMR signal, manifesting the appearance of a solitonic 
modulation as T → 0. 
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The ternary A1-xMxFe2As2 (A=Ca, Sr, Ba and Eu; M=K and Na) were found to have similar 
structural, magnetic and superconducting properties with the related RFeAsO1-xFx [1]. The Ca2Fe2As 
undergoes a first-order high-temperature h-T tetragonal to low-temperature l-T orthorhombic phase 
transition at TS~170K [2]. Concomitant with the structural transition the Fe moments order in a 
commensurate AFM structure [3]. This compound becomes superconducting either under moderate applied 
pressure and or Na-doping [4,5]. The Ba0.5K0.5Fe2As2 and Sr0.5Na0.5Fe2As2 are superconductors with Tc ~37 
K and ~35 K, respectively. SR measurements have shown a coexistence of superconductivity and phase 
separated static magnetic order in these compounds [6].   

Mössbauer spectroscopy have been used to investigate the magnetic and structural phase transition of 
CaFe2As2 as well as the occurrence of phase separation in superconducting Ba0.5K0.5Fe2As2 and 
Sr0.5Na0.5Fe2As2 single crystals. A mosaic of single crystal plates, with the c axes parallel to -ray direction, 
were built to perform the Mössbauer transmission measurements. Room temperature measurements revealed  
that   the   main   component  of   electric field gradient Vzz is along c axis for these ternary compounds. For 
the non superconducting CaFe2As2 an abrupt increase of the magnetic hyperfine field Bhf below TN~170K 
was observed indicating a first-order magnetic transition. Low temperature spectra fits lead to Vzz >0 with 
Fe moments lying in the (a,b) plane. The quadrupole splitting EQ values have a discontinuity at ~170K 
confirming that structural and magnetic transition occurs concomitantly. The Mössbauer spectra of 
Ba0.5K0.5Fe2As2 and Sr0.5Na0.5Fe2As2 have a unique crystal site for Fe at room temperature, however at 4.2K 
the presence of two phases is clearly seen. For Ba0.5K0.5Fe2As2 ~ 51% of Fe is in a paramagnetic state while 
the remaining is in a magnetic phase with small magnetic moments (~0.15 B). For Sr0.5Na0.5Fe2As2 only 
~12% of Fe are paramagnetic, the remaining Fe are in a magnetic state with magnetic moments of the order 
of ~0.57 B. 
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Dilute magnetic impurities in non-magnetic metallic matrices have been intensively studied in for 
investigating single ion Kondo effect and the development of spin glassy behavior upon increasing magnetic 
interactions with dopant concentration. Here we report on an investigation of magnetic iron nano-clusters 
formed in non magnetic hosts with low solubility for iron. We will concentrate on films of cadmium in 
comparison with our earlier studies on silver films. Nanometer size clusters of iron can be formed in films 
containing iron in the range from 0.1 to several at% via vapor co-deposition. Characterization of samples 
was performed via X-ray diffraction, resistivity, magnetization, susceptibility, and Mössbauer spectroscopic 
measurements at various temperatures and applied magnetic fields. Up to concentrations of about 2 at% Fe 
the iron clusters are well defined as distinguished from their distinct hyperfine parameters.  
Spin-freezing is traced from Mössbauer and magnetization data with freezing temperatures ranging from 
below 4 K up to about 15 K depending on cluster concentration. Models for describing the dynamic 
hyperfine spectra in this temperature range will be presented taking into account different mechanisms for 
cluster-cluster interactions. 
Above the freezing temperature we can derive average cluster magnetic moments from magnetization data 
and also from the field dependence of the magnetic hyperfine fields at Fe obtained in applied external fields. 
Both macroscopic and local magnetic data are in good agreement yielding moments on the order of 15-20 
µB for iron clusters in Cd films, compared with 35-40 µB found for Ag films. I.e., in both cases the clusters 
comprise only few atoms. The hyperfine spectra taken in applied field indicate a reduction of the iron 
moments at low temperatures which can be interpreted with moment compensation via conduction electron 
scattering. A competition between Kondo effect and the magnetic coupling of clusters via conduction 
electron polarization interaction could be clearly traced from the resistivity data of the silver films. 
Whereas in films with iron concentrations up to about 2 at% we have controlled formation and growth of 
small clusters, this is no more the case for higher concentrations. Strong irreversibility in magnetization is 
found extending up to 100 K. The hyperfine data prove the presence of the same kinds of clusters as found 
for lower concentration yet with much bigger sizes. 
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We report perturbed angular correlations (PAC) and first-principles calculations with 111mCd/111Cd and 
111In/111mCd probes, implanted at the ISOLDE-CERN laboratory, in the compounds/polymorphs BaMnO3-
6H and BaMnO3-15R and SrMnO3-4H. Magnetic and structural studies were also performed. 
The experiments are complemented with calculations of the electric field gradient (EFG), with density 
functional theory, by the LAPW method (Wien2k code [1]). Calculations consider different magnetic states, 
and for the case of BaMnO3 the results from different polymorphs are analyzed. Comparison with the 
experimental results requires considering supercells with diluted Cd impurities, to account for the presence 
of the radioactive probe in the host material (ppm). The results of the calculations are checked for 
convergence with increasing dilution of Cd probes, corresponding to increasing size of the supercell. Based 
on the calculations, the assignment of the sites for the 111mCd and 111In probes at the Ba (for BaMnO3-6H) 
and Sr (SrMnO3-4H) sites gives good agreement for most cases. The EFG shows no visible changes with 
temperature in BaMnO3-6H and SrMnO3-4H, in the range 20-700 C, as shown in the figure). The PAC 
spectra of BaMnO3 in the two polymorphs reveal different frequencies. The results on BaMnO3 using 
111In/111mCd, show an additional interaction frequency in comparison with Cd.  
 

 
Fig.1. Experimental 111mCd PAC measured EFG (Vzz component) as a function of temperature (circles) and 
calculated EFG (horizontal lines). For SrMnO3-4H(left) the two Sr sites are probed while for BaMnO3-6H 
(right), only one of the Ba sites is probed. The (minoritary) higher frequency has no assignment and is 
probably associated with a defect.  

  
[1] Blaha P. et al, WIEN2k, Technische Universitat Wien (ISBN 3-9501031-1-2), (2001).  
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There has been extensive research on how the deposition conditions parameters (substrate temperature, 
background pressure, laser energy, laser fluency, laser repetition rate/number of pulses etc.) affect the 
characteristics (such as crystal structure and surface morphology) of the films grown. However the influence 
of deposition conditions on luminescence properties of films has not yet been extensively studied because it 
is a secondary effect and results mainly because of the change in crystal structure and the surface 
morphology of the films. This paper presents the effect of substrate temperature and oxygen partial pressure 
on the crystal structure, surface morphology and the luminescence characteristics of the Gd2O2S:Tb3+ thin 
films grown using PLD. It was observed that oxygen pressure affects the structural properties of the 
Gd2O2S:Tb3+ thin film and high quality layers can only be prepared in the narrow range of oxygen pressure 
between 100 and 200 mTorr. The oxygen pressure has a major effect on the film morphology. The films 
deposited at 100mTorr are very smooth and dense. The films deposited at 300mTorr are very rough with 
numerous cracks on their surface and display a porosity. These differences in film morphology is explained 
by the decrease of the kinetic energy of the deposited species with increasing oxygen pressure. Thin film 
deposited at 100 mTorr was found to be the best in terms of the PL intensity of the Gd2O2S:Tb3+ emission, 
and thereafter the PL intensity decreased dramatically as the oxygen partial pressure increased. The main 
emission peak due to the 5D4-7F5 transition is at a wavelength of 545 nm. The PL of the films grown at a 
higher substrate temperature was generally also more intense than those that were grown at a lower substrate 
temperature. 
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We have investigated single phase formation in a series of (Sn, Mn)0.2Cr1.8-xFexO3 produced by low 
temperature synthesis based on hydrothermal process in a reflux system and in a stirred pressure reactor. 
The evolution of the properties is investigated by X-ray diffraction (XRD) and by magnetic measurements. 
Evidence of successful Sn or Mn incorporation into the corundum structure is obtained.  57Fe Mössbauer 
spectra show the materials to be paramagnetic for Fe concentration x ≤ 0.5 and in ordered magnetic state at 
higher concentration. Rietveld structure refinement of the XRD spectra is employed in the analysis. 
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Fig. 1. Room-temperature transmission  Mössbauer  Spectra for  (a)  Sn0.2Cr1.8-xFexO3, and  (b) Mn0.2Cr1.8-xFexO3. 
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Prompted by the generally poor understanding [1,2] of the nature of magnetic phenomena in 3d-metal doped 
ZnO, we have undertaken on-line 57Fe Mössbauer spectroscopy at the ISOLDE facility at CERN on ZnO 
single crystal in an external magnetic field of 0.6 T, following implantation of radioactive 57Mn+ (T½ = 1.5 

min.) ions at room temperature. The Mössbauer spectra of the dilute Fe 
impurities are dominated by sextets whose angular dependence rules out 
an ordered magnetic state, but are well accounted for on the basis of Fe3+ 
paramagnetic centres with long relaxation times. 
     Mössbauer spectra are shown in Fig. 1, obtained under the conditions 
indicated. The spectra have been analyzed in terms of a superposition of 
three sextets originating from the three Kramers doublets belonging to 
the SZ = ±5/2, ±3/2 and ±1/2 crystal field states [3]. In addition, doublets 
assigned to substitutional Fe2+ (D2) and interstitial Fe (D3) are included 
[4]. The disappearance of the mI = 0 nuclear transition for a SZ = ±3/2 
electronic state in the  = 0º measurements evidences that these sextets 
originates from Fe3+ in a paramagnetic state with unusually long spin-
lattice relaxation times. This is attributable to the weak coupling of the 
spherical 6S ground state of Fe3+ to the lattice. Fe2+, shows fast 
relaxation, and is observed as a quadrupole split doublet. The results 
provide direct insight in the charge states of the Fe ions and their lattice 
sites. 
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An extensive research efforts have been carried out worldwide on searching for room temperature 
ferromagnetism in transition metal doped ZnO, especially in Mn- and Co-doped ZnO, for its potential use in 
future spintronic devices. However, the results are not consistent: some studies reported observation of 
room-temperature ferromagnetism in Mn- and Co-doped ZnO whereas others reported absence of 
ferromagnetism. The effect of Cu co-doping, a possible pathway for inducing ferromagnetism has also been 
observed in transition-metal-doped ZnO. It is therefore still questionable whether transition metal doped 
ZnO is really a ferromagnetic at room temperature!  

In the present work, the local structural and electronic environment around 111In probe atoms in pure 
ZnO, transition metal doped Zn1-xTxO (T=Mn and Co; x=0.01, 0.02, 0.05) and Cu co-doped Zn1-xCoxCu0.01O 
(x=0.01-0.04) nanocrystalline powders have been monitored on an atomic scale by a perturbed angular 
correlation (PAC) spectroscopy. For these measurements, the single phase nanocrystalline powders were 
synthesized at low annealing temperature by sol-gel Pechini method. Phase purity and structure refinement 
done by means of the Rietveld analysis technique showed that the dopants substitute properly into Zn cation 
sites. The PAC measurements (Figure 1) exhibited the well known oscillations corresponding to the electric 
quadrupole interaction only ( Q~31 MHz) which have been attributed to the substitutional incorporation of 
the 111In probe atoms at the cation sites of ZnO lattice. The present measurements did not reveal any 
evidence of magnetic ordering down to 77 K in pure or doped ZnO nanocrystalline powders. These results 
are consistent with the recent observation of paramagnetic behavior in transition metal doped ZnO with 
synchrotron based studies [1,2].  

 
Figure 1: Least squares fitted PAC spectra for pure and doped ZnO with 111In probes. 

 
[1] A. Ney, et al., Phys. Rev. Lett. 100, 157201 (2008). 
[2] N R S Farley, et al., New Journal of Physics 10, 055012 (2008). 
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 In the several last years, molybdenum oxide has attracted attention because of its potential 
applications in gas sensing devices, optically switchable coatings, catalysis, etc. Besides the above-
mentioned attractive physical and optical applications, if another degree of dimensionality in terms of 
magnetic properties could be induced in the system by doping some magnetic impurity, the resulting device 
would be a boost to the existing MoOx based  technology. This is the aim of this study. 

Well characterized thin films of undoped and Fe (0–5 at. %) doped MoO2 were grown on c-plane 
sapphire single crystal substrates by pulsed laser ablation technique [1,2]. The near edge X-ray absorption 
fine structure (NEXAFS) measurement at O K, Mo M3,2, Fe L3,2-edges, and X-ray Magnetic Circular 
Dichroism (XMCD) at Fe L3,2-edges have been carried at the ID08 beam line of the European Synchrotron 
Radiation Facility to understand the electronic structure changes, relative stability of cation distributions and 
the responsible magnetic interactions at room temperature. The O K-edge NEXAFS spectra reveal that the 
intensity of O 2p–Mo 4p hybridized states changes with the Fe dilution and can be interpreted in terms of 
competition between hybridization of  Mo 4p and Fe 3d with O 2p orbitals. The Mo M-edges exhibit a 
signature of mixed valance Mo4+/Mo5+ ions. The Fe L3,2 absorption spectra shows a similar spectral profile; 
on the other hand, the XMCD spectra show the characteristic fine structure with ferromagnetic ordering at 
room temperature. These differences are attributed to the variety of 3d electron configuration of Fe ions 
(Fe2+/Fe3+) and the local symmetry (tetrahedral/octahedral) [3]. The cation distributions at different sites 
exhibit a significant variation with the change in iron concentration indicating the strong correlations 
between charge and spin of the electrons. 
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The lanthanum manganite compounds doped with a divalent impurity are the materials with colossal 
magnetoresistance and widely used in different fields of modern engineering. In lanthanum manganites 
manganese has a mixed valence: Mn3+ and Mn4+. Mn3+ is the Jahn-Teller ion with a degenerated orbital state 
of electrons. The main feature of the compounds with Jahn-Teller ions is strong correlation between lattice 
and electron subsystems. These compounds are characterized by strong lattice distortions.  
The features of structural transformations in La1-xCaxMn0.98Fe0.02O3+δ (x = 0.05 – 0.50) as a function of Ca 
concentration have been studied by Mössbauer spectroscopy and X-ray diffraction analysis. For x = 0.05 and 
0.10 the rhombohedral phase (space group R-3c) has been shown to be synthesized. Beginning from x = 
0.20 the structure of the origin synthesized samples is orthorhombic (space group Pnma). Varying the heat 
treatment conditions it is possible to transit from one phase to another. The phases are subsequently 
suppressed with an increase in a Ca concentration. For Ca concentrations less than 20% all set of the phases 
with reversible structural transitions PnmaII ↔ PmnaI ↔ R-3c can be obtained under heat treatment like in 
the Ca-undoped compound LaMn0.98Fe0.02O3+δ. The rhombohedral phase is suppressed for x = 0.20. When a 
Ca concentration higher than 20%, the PnmaII phase is suppressed, as a result, only the PnmaI phase 
remains which is stable under any heat treatment.  
Mössbauer spectra for the PnmaI and R-3c phases have relatively narrow lines and were processed by single 
doublet. Spectra for the PnmaII phase represent strongly broadened quadrupole-splitting (QS) doublets. A 
large QS value is related to the strong lattice distortion due to the Jahn-Teller effect. Since the spectra for the 
PnmaII phase have a smooth shape, they were processed by the QS distribution.  
Doping with divalent Ca occupying trivalent La positions generates vacant oxygen sites in the lattice. 
Therefore already during synthesis a part of Jahn-Teller Mn3+ ions transfers to Mn4+ and oxygen coming 
with Mn4+ should occupy first of all these oxygen sites. Under oxidation (annealing in air) the Mn4+ ion 
concentration increases and excess oxygen will now occupy interstitial positions.  
Based on the analysis of the obtained experimental data it is possible to suppose that the reversibility of the 
phase transitions is possible only when excess oxygen is in interstitial positions in the lattice. If excess 
oxygen occupies only vacant sites in the lattice, the phase transitions are absent.  
The features of the phase formation in the basic undoped compound LaMnO3+δ and in the Ca-doped 
compound La1-xCarxMn0.98Fe0.02O3+δ are compared.  
The work was supported by the Russian Foundation for Basic Research (project no. 09--02--00767) and by 
the Program of Russian Academy of Sciences "Physics of Condensed Media". 
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Mössbauer spectra of a series of a σ-phase Fe-V and Fe53.8Cr46.2 alloys in the paramagnetic state were 
analysed using electronic structure calculations by the KKR technique as shown in details in [1]. A wide 
spectrum of various nearest neighbour atomic configurations, within the complex thirty atom tetragonal unit 
cell with five sublattices, was taken into account in order to obtain isomer shift parameters for the five lattice 
sites. Quadrupole splitting values were estimated on the basis of an extended point charge model. The 
predicted values (IS, ΔIS and QS) combined with the measured probabilities of Fe occupancy allowed to 
successfully fit the Mössbauer spectra, using only five adjustable parameters [2]. The resulting average IS-
values for the Fe-V σ-phase subspectra are found to be more negative then the corresponding ones of the Fe-
Cr system. The QS-values for the latter are similiar to the former system, except two values, were they are 
significantly smaller. The overall shape of the Mössbauer spectrum is also influenced by the different Fe 
occupation parameters and, consequently, relative subspectra intensities. 
The spin-polarized charge self-consistent KKR method was applied to the σ-Fe53.8Cr46.2 and the results 
obtained have been applied to analyze the magnetic structure of the sample at 0K. They enabled 
determination of Fe and Cr atoms magnetic moments for all five sublattices, which were found oriented 
opposite. Also the magnetic structure of the unit cell has been revealed and will be discussed. The calculated 
average magnetic moment per unit cell is equal to 15.6mB, and that per atom to 0.52mB. Corresponding 
experimental values determined from magnetization measurements are 4.3mB and 0.14mB i.e. smaller by a 
factor of 4 [3]. For that reason and because of symmetry analysis predictions, the antiferromagnetic-like 
ordering was proposed and analysed. The discrepancy between the calculated and the measured values has 
been significantly reduced - the calculated average magnetic moment per unit cell decreased to 6.0mB, and 
that per atom to 0.20mB, which is comparable to the measured values. 
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A sigma-phase can be produced by a solid-state reaction in some alloy systems in which at least one 
constituent is a transition element. It has a tetragonal crystallographic structure and its unit cell contains 30 
atoms that are distributed over five different crystallographic sites A, B, C, D and E. Because of a high 
coordination numbers (12-15), the phase belongs to a family of the so-called Frank-Kasper phases. Among 
over 50 binary alloys in which the sigma-phase was found, only that in the Fe-Cr and Fe-V alloys has well 
evidenced magnetic properties [1-6]. Despite first magnetic investigations of the sigma-phase were carried 
out over 40 years ago [2,3], its magnetism, which is usually termed as weak and low temperature, is not well 
understood, which prompts and justifies further studies. The first successful measurements of a sub-lattice 
magnetism with 51V zero-field NMR techniques in the sigma-phase Fe100-xVx alloys with x = 34.4, 39.9 and 
47.9 are shown in Figure 1. 
 

 
Fig. 1: 51V NMR spectra recorded at 4.2 K for samples 

with Fe-contents (1-x) equal to 65.6, 60.1 and 52.1. 

 
Fig. 2 The average frequency of the spectra versus the 

average magnetic moment per Fe atom, < > .  
Despite not being magnetic, Vanadium atoms, which were revealed to be present on all crystallographic 
sites [7], produce magnetic resonance signals due to the transferred magnetic field produced by the 
neighboring 57Fe atoms. Their magnetic properties are characteristic of a given site, and for a given site they 
intensely depend on the composition. The strongest magnetism exhibit sites A and the weakest one sites D. 
The estimated average magnetic moment per V atom decreases from 0.36 μB for x = 34.4 to 0.20 μB for x = 
47.9. As displayed in Fig. 2, the magnetism revealed at V atoms is linearly correlated with the magnetic 
moment of Fe atoms, which implies that the former has been induced by the latter.  
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GaN and ZnO are candidates for dilute magnetic semiconductors with Curie temperatures above room 
temperature [1]. Doping with transition metals (TM) like Co, Mn or Fe is a simple way to create such systems. 
The PAC probe 

100

Pd/
100

Rh is isoelectronic to cobalt and therefore a perfect tool to investigate the incorporation of 
TM´s into these compounds as well as the influence of other impurities onto the internal magnetic fields.  (0001) 
and (1010) oriented ZnO single crystals samples, freestanding GaN films and GaN thin films on 6 μm thick 
sapphire substrates were recoil-implanted with the 

100

Pd/
100

Rh probe as described in detail elsewhere [1]. The 
probe was produced using the fusion evaporation reaction 

92

Zr(
12

C,4n)
100

Pd at a beam energy of 70 MeV. After 
recoil implantation PAC spectroscopy was performed at room temperature. The samples were measured as-
implanted, and following isochronal annealing for 10 min at increasing temperatures.  First results without and 
with an applied external magnetic field (Fig. 1) are indicative of a strongly disturbed lattice vicinity of Pd 

impurities in both hosts. No signs of spontaneous ferromagnetic ordering were observed.  
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Figure 2 Measured ratio functions for (a) GaN and (b) ZnO placed in a 0.5 T external magnetic field. In both 
cases the influence of the external field can be seen from the oscillation of the function at a frequency much 
higher than that observed without magnetic field. 
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The relevance of germanium in current transistor 

technology is rising. An example is the addition of a 
germanium layer between an active silicon and a relaxed SiGe 
layer to create a p-type metal-oxide-semiconductor field effect 
transistor with enhanced hole mobility. Using the probe 
nucleus 100Pd/100Rh the local defect dynamics of Pd-atoms in 
germanium has been studied with time differential perturbed 
angular correlation spectroscopy (TDPAC). In addition to Pd, 
results may inform on the behaviour of isoelectronic atoms, 
such as cobalt. The effect of codoping with Ga, As and In 
atoms on Pd-related defects has also been explored. 

The 100Pd/100Rh probe was recoil-implanted at the 14UD 
accelerator in Canberra into germanium single crystal samples 
and samples, pre-implanted with 1016 ions/cm2 of Ga, As and 
In, respectively. The probe (t1/2 = 3.6 d) was produced using 
the fusion evaporation reaction 92Zr(12C,4n)100Pd at a beam 
energy of 70 MeV [1]. After recoil-implantation TDPAC 
spectroscopy was performed at room temperature. The samples 
were measured as-implanted and following isochronal 
annealing in vacuum for 20 min at 300°, 500°, 600°, and      
700°C.  

The figure displays measured ratio functions and fits for 
100Pd/Rh in germanium. The measurement on the as-implanted 
germanium shown in (a) indicates a low frequency modulation 
of the ratio function. The amplitude of this modulation 

increases with increasing annealing temperature. The modulation is most pronounced in the ratio function 
obtained after annealing at 500 °C. Further annealing at 700 °C removes the effect as shown in (d). A similar 
result has been obtained for 100Pd/Rh in silicon, where the probe pairs with vacancy defects [2].  

The observed effect appears to persist in germanium pre-implanted with Ga, As or In. TDPAC 
spectroscopy of the same samples using the probe 111In/111Cd is underway. 
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Lattice sites and collective ordering of oxygen atoms in HgBa2CaCu2O6+δ (Hg-1212) were studied using the 
Perturbed Angular Correlation technique. The electric field gradients (EFG) at 199mHg nuclei have been 
measured allowing a full characterization of the Hg neighborhood charge distribution as function of the 
oxygen doping on the Hg planes. The experiments have been performed at different annealing conditions, 
under argon flow or oxygen pressure up to 152 bars. In comparison with the data and calculations obtained 
for oxygen and fluorine doping in Hg1201, the analysis hints that at high concentrations oxygen atoms order 
in a different way than the reported previously. Furthermore, the experimental results show that a local scale 
there is a non-uniform oxygen distribution.  
A series of ab-initio calculations, simulating different oxygen doping configurations, is also presented. 
Several HgmBa2mCam-1CumO6m+n supercells, for different nominal oxygen concentrations, have been 
constructed. The simulated results are further compared with the experimental ones. Moreover, the 
possibility of the existence of oxygen dumbbell molecules, instead or coexisting with single atoms in the 
center of the Hg mesh is discussed. Atomic stripe-like oxygen configuration and the location of oxygen 
atoms in the (0, ±1/2, zHg) position are experimentally excluded.  
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The Mn+1AXn (MAX) phases, where n is 1, 2 or 3, are nanolaminated layered hexagonal carbides and 
nitrides, which feature an unusual set of attributes of both metals and high-performance ceramics. Theses 
intermetallic compounds can be good electrical and thermal conductors, behave elastically stiff as well as 
high thermal shock resistant and damage tolerant. 
To investigate the local structure of these phases, the technique of perturbed angular correlation (PAC) was 
used for material characterization beside X-ray diffraction and electron microscopy. Radioactive 111In ions 
were implanted at 400 keV into the samples, sensing as spies their local environment via hyperfine 
interactions.  
The PAC technique was applied to the 211-MAX phases Ti2InC, Zr2InC and Nb2InC to determine strength 
and symmetry of the electric field gradients (EFG) as a fingerprint for probe atoms on the A-site. In each 
material an axially symmetric EFG was found with a characteristic quadrupole coupling constant νQ varying 
between 200 MHz and 350 MHz. Regarding to the question of lattice location we demonstrate that the In-
probes occupy the A-site since In is the self-atom on the unique A-site in these phases and by comparing the 
experimental results with ab initio DFT calculations using the FP-LAPW+LO method implemented in the 
WIEN2k package.. 
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Nanolaminated layered ternary carbides and nitrides, the so called Mn+1AXn phases where M is an early 
transition metal, A an A-group element (mostly IIIA and IVA), X either carbon and/or nitrogen and n = 1-3, 
have attracted great attention recently. By now over 60 compounds are known which feature a unique 
combination of the best attributes of both metals and high-performance ceramics. This class of materials 
possesses for instance good electrical and thermal conductivities as well as considerable damage tolerance 
and high temperature oxidation resistance. 
The method of perturbed angular correlation (PAC) was chosen for material characterization complementary 
to X-ray diffraction and electron microscopy. The PAC technique was applied in extension to previous 
experiments on In-containing Ti2InC and Zr2InC (see first abstract) for the first time to Nb2AlC, Nb2AsC, 
Ti2AlN and Cr2GeC. R(t) spectra were taken after different annealing steps to determine strength and 
symmetry of the electric field gradients (EFG) as a fingerprint for probe atoms on a specific lattice site and 
local surrounding. Each material showed axially symmetric EFGs similar to the ones found in the indium 
containing phases. Consequently we assume that these EFGs are due to probes occupying the A-site. This 
assumption is supported by ab initio DFT calculations using the FP-LAPW+LO method implemented in the 
WIEN2k package. During the course of annealing in some of the MAX phases, other smaller EFGs appeared 
which might be explained by probes on the M-site. To verify this prediction further calculations are needed 
and planned for the near future. 
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In the last  years, ab initio calculations performed in the framework of the Density Functional Theory (DFT) 
have been successfully applied to the study of doped oxide semiconductors. The Full-Potential Augmented 
Plane Wave plus local orbitals (FP-APW+lo) method enables to determine the Electric-Field-Gradient tensor 
(EFG) at impurity sites localized in cation sites of the host structure with very good precision. From an ab 
initio - experimental study, the electronic structure  and structural relaxations produced by the inclusion of 
the Perturbed Angular Correlation (PAC)  tracers in the host system can be determined [1,2,3] . 
In this work, we present PAC results in  polycrystalline ZnO semiconductor implanted with (181Hf)181Ta 
probes. The FP-APW+lo calculations in Ta-doped ZnO were carried out using the supercell method and 
varying self-consistently the charge state of the impurity. Ta is a triple donor impurity with respect  to Zn2+ 
in ZnO and thus it can loose 1, 2 or 3 donor electrons under certain circumstances. The comparison between 
the experimental EFG results and our ab initio predictions suggests that the Ta impurity may be in a 
completely ionized charge state, i.e., with the 3 donor electrons removed from the impurity.  
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InGaN based LEDs show a high luminous efficacy despite a high defect concentration. These defects, 
mainly threading-dislocations that form during the growth of GaN films would normally lead to nonradiative 
recombination of excitons. However, it seems that such non-radiative recombination is efficiently 
suppressed in In-containing alloys.  
The role of indium in GaN and AlN films is investigated with the method of the perturbed angular 
correlation (PAC) using PAC probe 111In. In addition to In on substitutional Ga sites we observe an In-
Nitrogen-vacancy (VN) defect complex, that could be a competing exciton trap and may be involved in the 
processes leading to the high efficacy.  
The observed In-VN complex is stable up to high temperatures, but is masked above 400 K [1]. This can be 
explained by assuming that the Cd-VN complex which is formed after the electron capture (EC) decay of 
111In to 111Cd disintegrates during the time the nucleus spends in the 417 keV level preceding the PAC 
cascade. The same complex was observed in AlInN where the characteristic signal is even more pronounced 
than in GaInN. 
To rule out the possible influence of an after effect and to confirm the assumption that nitrogen vacancies 
are not bound to substitutional Cd impurities, additional measurements with 111mCd and 117Cd were 
performed at the ISOLDE facility. An after effect can occur, when after the EC a hole remains in the 
electron shell. Additional electron-gamma measurements are presented, to confirm the nonexistence of such 
an effect. The PAC measurements are complemented by Rutherford backscattering/channeling and X-ray 
diffraction to investigate the lattice site location of the implanted probes and the recovery of implantation 
damage by thermal annealing. 
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The LDA-1/2 method [1] has been very successful in the calculation of semiconductor band gaps. The figure 
below shows the extent of its success. Despite of that, the method has no parameter to be arbitrarily adjusted. Its 
only parameter is obtained by the maximization of the band gap. In the oral presentation we intend to show its 
theory, from the old Slater's transition state and Janak's theorem, to the definition of the “self-energy potential”, 
showing the necessity of the introduction of a parameter to cut the Coulomb potential tail, proving that it should 
maximize the gap, comparing the method to Perdew and Zunger's self-interaction. Although the method is 
parameter free, some choices must be made. For example, in atoms and good insulators one cannot run the self-
consistent loops after adding the self-energy perturbation potential. In the other extreme, for the calculation of 
work functions of metals, the method does not differ from standard LDA. For example, for the group IV 
semiconductors the procedures are slightly different. The method clearly points to the interpretation that hole 
states in solids are described by square integrable wave functions, not Bloch functions.  
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The thermal behavior of hafnium oxide fiber has been investigated with the help of Time Differential 
Perturbed Angular Correlation (TDPAC) technique along with XRD and SEM measurements. The HfO2 
fiber of diameter 6-7µm and density 1.21 gm/cc was neutron-irradiated to produce the indigenous probe 
181Hf/181Ta for TDPAC measurement, annealed at different temperatures and then counted on a TDPAC set-
up [1] at RT. A typical TDPAC spectrum for HfO2 fiber annealed at 1673K is shown in fig1. TDPAC 
parameters, shown in table-1, remain almost same in all the cases indicating the structural identity. Only a 
meager increment in -values indicates a little loss in crytallinity in the samples annealed at higher 
temperature. The TDPAC parameters for HfO2 fiber are also in good agreement with that for bulk HfO2. 
XRD spectra also remain same except a little broadening of the peaks at 1673K.  It indicates that the fiber 
can retain its physical integrity almost intact even at 1673K. SEM measurement of the fiber indicates that 
the diameter of the fiber is not changed up to 1673K.  
 
 
 
           
 
 

 
 

 
 
 
 
 
 
Hence the HfO2 fiber has high thermal stability and stable lattice structure up to 1673 K. The porosity of the 
material and hence the diffusion-efficiency of the fiber are also not hampered even at 1673 K.This indicates 
the suitability of this material to be used as the target material for Radioactive Ion Beams [2]. However, a 
small increase in the frequency distribution may be attributed to the minor structural change with 
temperature. Literature [3] indicates a phase transformation from monoclinic to tetragonal HfO2 taking place 
above 1443 K. However in this present work we could not find any structural change up to 1673 K. It 
implies that either it has not undergone any phase transition or the phase transition is reversible. 
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HfO2 fiber VZZ x 1017  

(VCm-2) 
η (%) 

Unannealed 13.08 (1) 0.35(1) 2.6(2) 

Annealed at  
1173K 

13.01 (1) 0.36(1) 3.0(1) 

Annealed at  
1673K 

13.08 (1) 0.35(1) 3.2(2) 

HfO2 bulk a 13.06 (1) 0.34(1) 1.0(1) 
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Fig. 1: TDPAC spectra for HfO2 fibers  Table 1: TDPAC parameters for different HfO2 samples 

a For comparison with fiber 
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Rutile TiO2 has a tetragonal structure with space group P42/mnm. In this, the Ti atom is surrounded by eight 
O atoms as the nearest neighbors in an octahedral geometry. In the next layer there are eight Ti atoms in the 
corner of the tetragon. In the TDPAC measurement, the 181Hf/181Ta used as the probe is expected to replace 
the Ti atom in the lattice. The resultant EFG arises due to the interaction between the probe and the 
surrounding O and Ti atoms. When the probe concentration is on a trace level, there are no two probe atoms 
nearby to influence each other. In the present work, we investigated the role of Zr atoms, belonging to the 
same group of Ti & Hf, on the quadrupole interaction of 181Ta in the rutile modification of TiO2. Zr doped 
(up to 10 atom %) TiO2 was prepared by following the method described elsewhere [1]. Co-precipitation of 
Ti-hydroxide along with Zr and 181Hf  tracer was carried out by the addition of ammonium hydroxide to the 
solution containing Ti+4 and the desired amount of Zr+4 along with the tracer 181Hf. Data acquisition was 
carried out by the coincidence setup based on CAMAC electronics [2]. A2G2 spectra and their cosine 
transforms for a typical 5% Zr-doped sample are shown in Fig1. Table 1 shows the respective TDPAC 
parameters for different samples. The quadrupole frequency ( Q) and η remain almost the same in all the 
samples except for the increase in δ with increasing the at% of Zr. This indicates that the contribution to the 
interaction between probe and the O atom is predominant and the statistical fluctuation arising due to the 
presence of the randomly distributed Zr atoms in the next neighboring layer is of minor importance.  
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The thermal analysis along with the XRD measurement is also under progress. Theoretical calculations with 
super cells containing statistically distributed Zr-atoms are under way.   
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Samples ωQ (Mrad/S) η δ (%) 
Pure rutilea 130.07(9) 0.56(1) 0.0 
1% Zr/rutile 127.04(4) 0.55(1) 0.0 
5% Zr/rutile 126.2(3) 0.58(1) 8.3(9) 
10% Zr/rutile 127.44(7) 0.55(3) 12.8(5) 

Table 1: TDPAC parameters of different samples Fig 1. TDPAC spectrum of 5% Zr-doped sample 

a Ref 2 



121 
 

PS2-11-73 
 

Search for “After-Effects” in Cd-doped ZnO semiconductor:   PAC experiments  
supported by ab initio results 

 

E. L. Muñoz1, M. E. Mercurio2, L.F. Pereira2, A. W. Carbonari2, J. Mestnik-Filho2 and M. 
Rentería1. 

 
1Departamento de Física e Instituto de Física La Plata (IFLP, CCT La Plata,  CONICET-UNLP), Facultad de 

Ciencias Exactas, Universidad Nacional de La Plata, CC 67, 1900 La Plata,  Argentina, e-
mail:munoz@fisica.unlp.edu.ar 

2 Instituto de Pesquisas Energéticas y Nucleares-IPEN-CNEN/SP, São Paulo, Brazil. 
 

During the last 25 years, several Time-Differential Perturbed-Angular-Correlation (PAC) experiments have 
observed dynamic hyperfine interactions when the probe isotope 111Cd, obtained after the electron-capture 
(EC) decay  of its parent 111In was used in certain semiconductor and insulating oxides. In the eighties of the 
previous century the group from La Plata proposed that these dynamic interactions were originated in the 
electronic relaxation of the probe atom, usually called “after-effects” (AE) that follows the electron capture 
decay of the 111In isotope. This relaxation must occurs during the time-window of the intermediate sensitive 
nuclear state of the -  cascade used to measure the hyperfine interaction at the probe nucleus. It was 
believed that the ECAE can only be detected if the probe atom was an impurity in the system under study.  
In order to check this necessary condition, the only binary oxide where 111Cd is not an impurity is CdO, and 
ECAE where also not reported in this system and the observed electric-field gradient (EFG) is null due to 
the high symmetry (a regular octahedron) of the coordination of the cation site with the nearest oxygen 
neighbors. Following these ideas, we present here results of PAC experiments performed in an oxide, ZnO, 
were the 111Cd probe atom is not an impurity, at least from the nominal valence point of view of the 
involved cations (Cd and Zn). But this time the observed non-null EFG behavior will be analyzed under the 
light of ab initio calculations of the (EFG) as a function of the charge state of the Cd atom.   
PAC experiments carried out on 111In-diffused polycrystalline ZnO have been performed in order to measure 
the EFG at (111In (EC)) 111Cd nuclei located at the cation site of the ZnO crystal structure. The PAC 
experiments were performed in a large temperature range. The absence of dynamic hyperfine interactions 
were verified fitting the spectra with a perturbation factor based in the Bäverstam and Othaz model [2,3]. 
The experimental results were compared with ab initio calculations performed with the Full-Potential 
Augmented Plane Wave plus local orbital (FP-APW+lo) method. The FP-APW+lo calculations were 
performed in the framework of the Density Functional Theory (DFT), using the Wien2K code. The 
dependence of the EFG at the Cd sites as a function of the charge state of the calculated supercell (i.e. the 
charge state of the impurity atom) was determined. From the ab initio-experimental comparison we can 
explained why we do not observe dynamic hyperfine interactions in the ZnO:Cd system. 
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We report on an ab-initio study of the Electric-Field-Gradient tensor (EFG) at both inequivalent Sc sites in 
the semiconductor Sc2O3. This semiconductor crystallizes in the bixbyite structure with two six-fold 
coordinated cation sites called C and D. The first is highly asymmetric whereas the second is axially 
symmetric.  The calculations were performed applying  the Full-Potential Augmented-Plane Waves plus 
local orbitals (FP-APW+lo) method, in the framework of the Density Functional Theory (DFT),  that allows 
us to treat the electronic structure and the atomic structural position refinements in a fully self-consistent 
way. Our results are compared with experimental data determined by Time-Differential -  Perturbed-
Angular Correlation (TDPAC) spectroscopy using the Leipzig 6-detector TDPAC spectrometer with 
LaBr3(Ce) scintillators with the first excited I=1- state of the 44Ti(EC)→ 44Sc isotope as radioactive tracer. 
There is excellent agreement between experiment and the present ab-initio calculations. It is clear from the 
comparison of the experimental electric-field gradients and  the Point-Charge Model (PCM) that the PCM 
can not describe even approximately the measured electric-field gradients at cation sites in pure 
scandium sesquioxide. In this simple situation, where the 44Sc probe atom is not an impurity in the material 
under study,  the tracer does not introduce structural distortions that are usually not taken into account in the 
PCM when an impurity is concerned and that does not introduce impurity levels  in the band gap of the 
semiconductor, which are usually critical for the origin of the  electric-field gradient. Nevertheless, in this 
simple case, the PCM seems to fail.  This can be only due to a poor description of the electronic distribution 
around the probe atom, which is not taken into account with the Sternheimer antishielding factor that is 
proposed in the PCM to describe the polarization of the core electrons of the probe atom. We also found an 
experimental site preference for the 44Ti impurity which can be understood by performing ab-initio 
calculations for the impurity system using super-cells. 
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In this work we present results from Time-Differential Perturbed-Angular Correlations (PAC) 
experiments in -Fe2O3 singlecrystals (in their corundum structure) implanted with 181Hf( 181Ta) ions at 
the ion accelerator facility of the H-ISKP at the Bonn University. The magnitude, asymmetry and orientation 
of the EFG were determined measuring the spin-rotation curves as a function of the singlecrystal orientation 
(for three different configurations of the sample) with respect to the laboratory system. The PAC 
experiments were carried out at 973 K in order to have only the electric-quadrupole interaction in the 
spectra, since above the Neel temperature (TN=955 K) the system has a paramagnetic behaviour.  

The experimental results are compared with ab initio calculations performed in the framework of the 
Density Functional Theory (DFT) and with predictions of the Point Charge Model. The ab initio calculations 
were carried out with the FP-APW+lo method (embodied in the WIEN2K code) with an impurity dilution of 
1:12 (with respect to the cations). 

This theoretical and experimental study enables to determine the structural relaxations introduced by 
the impurity in the host lattice, and the charge state of the impurity in the band gap of the system under 
study. The Ta impurity introduces a double donor level in α-Fe2O3, which seems to be partially ionized at 
973 K, supported by the good  agreement between the experimental EFG and the ab initio prediction for this 
charge state of the impurity.  

We discuss here the validity to compare the ab initio calculations carried out at 0 K (where the 
system has an antiferromagnetic behaviour) with the experimental results taken at 973 K (where the system 
has a paramagnetic behaviour). 
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Semiconductor devices contain different types of lattice mismatch at boundaries, causing internal stresses 
in the silicon matrix. The strain field has a strong influence on impurity diffusion due to a change of the 
atomic interactions between the impurity and the host atoms [1], and therefore, yields a different segregation 
behavior of the impurities atoms. Among the impurities, iron is often connected to a degradation of the 
silicon devices. In the present experiments, external stress fields are applied to a 57Fe-doped Si wafer by an 
Instron-type tensile testing machine, and simultaneously, Mössbauer spectra are measured as function the 
external stress. 

N-type float zone silicon wafer was cut into a rectangular disk with 20×10×0.53 mm, and a 3 nm thick 
layer of 57Fe was deposited on Si sample. The Si sample was annealed at 1273 K for one week to let 57Fe 
diffuse into a Si matrix. The Si sample was fixed between a pair of alumina blocks in a tensile testing 
machine. By applying compressive stresses along the [011] direction, the Si wafer was bent, resulting in a 
tensile strain on one side and a compressive strains on the other side of the wafer. The transmission 
Mössbauer spectra of 57Fe were obtained at room temperature under the stress up to 40 MPa when the 
tensile/compressive strains were applied on a 57Fe deposited side.  

After the annealing at 1273 K, the spectrum is well fitted 
with three components; substitutional Fe, interstitial Fe0 and 
interstitial Fe+ (from the left to the right side of the upper 
spectrum in Fig.1) When the external stresses are applied, the 
spectrum largely changes as is shown in Fig.1. The resonance 
area and the line width of interstitial Fe0 increase. The line 
broadening appears to be due to a fast diffusion of interstitial 
Fe0 under the external stress. The diffusion coefficient is 
estimated to be of the order of 10-9 cm2/s, which is 6 orders 
of magnitude higher than that reported for a crystal Si [2]. In 
addition the resonance area of the substitutional Fe decreases 
with increasing the stress, suggesting that the interstitial Fe 
atoms are newly formed from substitutional Fe atoms by the 
external stresses.  
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Fig. 1 Mössbauer spectra for the 57Fe-
doped silicon when compressive strain is 
applied on 57Fe deposited side 
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We have performed on-line 57Fe Mössbauer spectroscopy following implantation of 57Mn (T1/2 = 1.5 min.) at 
the ISOLDE facility at CERN, in order to elucidate the role of the implantation process at room temperature 
in determining the magnetic properties of ion-implanted ZnO. We have recently demonstrated that dilute 
Fe3+ showing magnetically-split spectra in ZnO are due to Fe3+ long-lived paramagnetic states (LLPS) [1].  

In this contribution, we describe implantation experiments in two 
ZnO crystals ZnO(1) and ZnO(2). ZnO(1) is implanted with 57Mn+ 
ions, and a series of Mössbauer spectra are recorded during the 
consecutive implantation process. ZnO(2) is implanted with 57Mn+ 
before and after an implantation with  stable 23Na+ ions (dose:    
~1.4 x 1014 ions/cm2). For the lowest implanted doses, the 
Mössbauer spectra of both samples are dominated by the presence 
of a quadrupole split component (D2) due to isolated . The 
consecutive 57Mn implantation into ZnO(1) causes a dose 
dependence in the building up of a magnetic-type Mössbauer signal. 
[2].  
Figure 1(b) shows the change of the spectral areas as a function of 
the total 57Mn implanted dose in ZnO(2). Surprisingly, the same 
fraction of Fe atoms is observed in LLPS upon the implantation of 
ZnO with stable 23Na+ ions. Our results show that the observation of 
Fe3+ LLPS in ZnO at the saturation level is intimately related to the 
implantation process and not necessarily connected to the 3d 
character and/or the radioactive nature of the implanted species. 
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Fig. 1 (a) Mössbauer spectrum of 
ZnO(1) at saturated (para)magnetic 
contribution; (b) dose dependence in 
ZnO(2) 
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 In this work we present a study of the phase transitions by means of the variations of the Electric 
Field Gradient (EFG) as a function of temperature at ambient pressure on powder samples of PbTi1-xHfxO3 
for x= 0.25, 0.50 and 0.75. For the EFG determination Perturbed Angular Correlation Spectroscopy 
(TDPAC) was employed. 181Ta were used as probes atoms, which were obtained by neutron capture 
activation of 180Hf naturally present in the sample. The obtained experimental results are also compared with 
previous ones obtained by Impedance Spectroscopy (IS).  
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PolyPacFit is an advanced fitting program for time-differential perturbed angular correlation (TDPAC) 
spectroscopy that incorporates stochastic models and provides robust possibilities for customization of fits.  
Notable features of the program include support for (1) fits to stochastic models of hyperfine interactions, 
(2) user-defined constraints among model parameters, and (3) fits to multiple spectra simultaneously.  
Another feature of PolyPacFit is that it is platform-independent.   
 
The current version of PolyPacFit is limited to polycrystalline spectra, as the program name suggests.  The 
program supports nuclear probes of any spin.  It allows users to specify electric quadrupole, magnetic 
dipole, and mixed hyperfine interactions.  Finally, PolyPacFit provides support for ad hoc line-shape 
parameters for dynamic damping and for inhomogeneous broadening.  Examples showing the application of 
PolyPacFit will be presented.   
 
This work is funded in part by NSF grant DMR 06-06006 (Metals Program) and computational resources 
were provided in part by KY EPSCoR grant RSF 012-03. 
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We report the creation of a library of computational routines to assist in the analysis of stochastic models of 
hyperfine interactions.  We call this library the stochastic hyperfine interactions modeling library (SHIML).  
It provides routines written in the C programming language that (1) read a text description of a model for 
fluctuating hyperfine fields, (2) set up the Blume matrix, upon which the evolution operator of the system 
depends, and (3) find the eigenvalues and eigenvectors of the Blume matrix so that theoretical spectra of 
experimental techniques that measure hyperfine interactions can be calculated.  The optimized vector and 
matrix operations of the BLAS and LAPACK libraries are utilized; however, there was a need to develop 
supplementary code to find an orthonormal set of (left and right) eigenvectors of complex, non-Hermitian 
matrices.  Examples will be presented to illustrate the use of SHIML to generate perturbed angular 
correlation spectra for the special case of polycrystalline samples when anisotropy terms of higher order 
than A22 can be neglected. 
 
This work is funded in part by NSF grant DMR 06-06006 (Metals Program) and computational resources 
were provided in part by KY EPSCoR grant RSF 012-03. 
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Cerium dioxide (CeO2) is quite important for the high-technology industry with various applications such as 
in automotive industry, medicine, oxygen sensors, and protectors of the radiation and so on. This material 
has been studied recently using a variety of techniques. A case of special interest is that Co-doped Ceria is 
very attractive for multifunctional spintronic applications. In this work we have used PAC technique to 
measure the hyperfine interactions in a pure nanostructured CeO2 as well as the one doped with 3d transition 
metal Co. The samples of pure and Co-doped CeO2 were prepared by the Pechini sol-gel method from pure 
Ce and Co elements. The samples were characterized by X-ray Diffraction (XRD) Scanning Electronic 
Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS). The radioactive probe nuclei 111In-
111Cd was introduced during the sample preparation in all cases. To better study the contribution to the 
ferromagnetism of the samples due to the effect of vacancies in the structure or the presence of dopant 
transition metal ion, several different experiments were carried out with pure and doped CeO2 which were 
prepared and annealed at different temperatures between 380oC and 700oC in air and nitrogen.  The PAC 
measurements were performed at different temperature between 15 K and 1130 K. For instance, in Ceria 
pure with annealing at 500 oC, it was found at 400 K three quadrupole frequency νQ1 = 106 MHz with          
f1 = 58 %, νQ2 = 144 MHz with f2 = 22 % and νQ3 = 14MHz with f3 = 20 %. This result is also a strong 
indication that f1 should be assigned to 111Cd in Ce sites while f2 in oxygen vacancy and f1 is possible 
nuclei probe in grain surface.  
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Diluted magnetic semiconductor systems (DMS) have been widely studied in last years by different 
experimental techniques as well as by ab-initio calculations in an attempt to clarify the origin of the 
ferromagnetic order which is observed in several experiments. In general, magnetic order in samples of wide 
band-gap semiconductor oxides doped with transition metal elements is more likely to occur when they 
show structural defects, and such magnetism is claimed to be mediated by them. Among these systems, Co-
doped ZnO has been intensively investigated and many experiments observed magnetic ordering in samples 
of this compound whereas many other did not.  
One experiment, in particular, demonstrated unambiguously a magnetic hyperfine field (mhf) at 111Cd probe 
nuclei substituting Zn sites in Zn0.9Co0.1O bulk samples [1]. The experiment was performed by means of 
Perturbed gamma–gamma Angular Correlation spectroscopy (PAC) which is able to observe local fields 
with an atomic scale. 
The aim of this work is to search for possible magnetic mechanisms which can originate a magnetic 
hyperfine field at Cd ion located in Zn site of Co-doped ZnO matrix by means of first-principles 
calculations. Our ab-initio calculations were developed under Density Functional Theory (DFT) framework 
using Linearized Augment Plane Waves method (LAPW) embodied within WIEN2k code [2]. 
The calculations were performed with some different ZnO supercells with diluted Co and/or Cd ions. For the 
exchange and correlation functionals, both the LDA and GGA approximations were tested. We have verified 
that calculated mhf and electric field gradient at Cd probe located in cation site of ZnO-Co supercell are in 
good agreement with the experimental values reported in reference [1]. Furthermore, results at Cd ion 
neighborhoods show that magnetic moments are transferred from Co ions towards Cd ions, by means of a 
super-exchange effect, which is mediated by Oxygen ions.  
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The search for diluted magnetic semiconductors with ferromagnetic ordering at room temperature has 
attracted a great deal of interest in the last years. In this search several wide band-gap semiconductor oxides 
such as ZnO, TiO2, and SnO2 have been doped with transition metals in an attempt to create magnetic 
properties without significantly affecting the physical properties of the host. Among these materials, SnO2 is 
a good candidate to successfully exhibit intrinsic magnetic ordering when doped with transition metal 
because of native oxygen vacancies occurrence, once it has been reported that such vacancies play an 
important role in the ferromagnetic order of semiconductor oxides.    
In the present work electric quadrupole interactions in Tin dioxide (SnO2) samples have been measured with 
perturbed gamma-gamma angular correlation (PAC) spectroscopy using 111In (111Cd) as a nuclear probe. 
Single phase nanocrystalline powder samples of SnO2 were produced by the sol-gel Pechini method. At the 
sol step, the solution was separated in two parts. Probe nuclei were introduced in one of these parts which 
along with the other one were annealed at different temperatures under nitrogen atmosphere. The samples 
without 111In were characterized by Scanning Electron Microscopy (SEM) measurements as well as X-ray 
Diffraction. The results showed nanometric particles homogeneously distributed, with particle diameter in 
the range of 15 – 60 nm. 
PAC measurements were carried out in the temperature range from 10 K to 1123 K and the results show that 
the temperature dependence of the electric quadrupole frequency depends on the annealing temperature. In 
all measurements it was observed two different electric quadrupole interactions. One of them with              
νQ ~ 115 MHz,  ~ 0.1, and  ~ 12 %, which changes very little with temperature has been assigned to 111Cd 
at Sn sites in SnO structure. The second interaction is characterized by a wider distributed frequency that 
changes with temperature with values in the range of 120-160 MHz and asymmetry parameter varying from 
0.4 to 1. This interaction was associated with 111Cd probes tapped in defects near the surface of the 
nanoparticles.     
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The investigation on wide-band gap semiconductors doped with transition metals (TM) has attracted a 
considerable interest in last years, mostly because of its possible applications in the spintronic field. Among 
these materials, cobalt-doped zinc oxide (Co-doped ZnO) has been one of the most investigated systems. 
Despite the focus on the magnetic aspect in these compounds in order to reach ferromagnetic ordering at 
room temperature, there is still enough space for some interesting questions regarding electronic structure 
that might be investigated. 
The study of the possible changes in the electronic structure caused by the introduction of a TM, is a 
question of great interest, especially if it is necessary to introduce large quantities of TM and carriers.  
One of the quantities that can be used in order to observe the differences in the electronic structure of a 
given crystalline site, is the electric field gradient (EFG), since is a very sensitive parameter that may reveal 
even small changes occurring in an atomic scale. 
In this way, in the reference [1] it is presented PAC results at 111Cd probe inserted in pure ZnO  and 5% Co-
doped ZnO. Two measurements on pure compound were performed; one with a commercially available 
sample and the other one was prepared at our laboratory together with the Co-doped sample utilizing sol-gel 
methodology. It was observed that the perturbation spectra are practically identical for all of the three 
situations, with Cd quadrupole frequency (νq) assuming values within the 31-32 MHz range. 
Yet in another work [2], it was developed a systematic PAC study with the 111Cd probe focusing on the 
concentration variation of cobalt dopant in ZnO within the 5 – 15 % Co range. These samples have a single 
ZnS-type phase and presented a same major fraction of sites with a very similar quadrupole frequency νq  in 
the range between 31.1 – 33.1 MHz. 
In the present work we try to explain which electronic phenomena could be occurring when Co-doped ZnO 
do not generate any change at Cd efg. For this purpose we used first principles electronic structure 
calculations, carried out within the Density Functional Theory (DFT) framework using Linearized Augment 
Plane Waves methods (LAPW) embodied at the WIEN2k code [3]. 
In our calculations, several ZnO cells were set up with Cd and/or Co ions and then, different Cd 
neighborhoods were simulated. The electric field gradient at Cd, the density of states (DOS) and charge 
density distributions were analyzed. The resulted EFG at Cd are in agreement with the experimental values 
[2]. By means of DOS it was observed that both the Co and Zn electronic structure are very similar. 
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Nuclear methods and, in particular, the time-differential perturbed-angular correlation (TDPAC) 
spectroscopy have been extensively applied to study materials to elucidate at a subnanoscopic scale the 
environment of impurities or constituent atoms of solids (see, e.g., Ref. 1). In the case of TDPAC, a suitable 
probe isotope, generally an impurity in the system under study, is used and the information provided, at this 
probe site, is given as a product of a nuclear and an extra nuclear quantity. In the case of electric-quadrupole 
interactions, the nuclear quantity is the nuclear quadrupole moment (Q), characteristic of a given nuclear 
state, which interacts with the electric-field gradient (EFG) acting on the site of the probe atom. Since the 
EFG mostly originates in the non-spherical electronic charge density close to the impurity nucleus, the 
TDPAC technique can be used as a powerful tool in order to study the electronic structure (and related 
structural, electronic or magnetic properties) in the close neighborhood of the probe. 
The probe can be introduced in the host material by different methods: thermal diffusion, chemical methods, 
neutron activation, or ionic implantation. In this work we study an alternative doping method: ball-milling-
assisted solid-state reaction between neutron-activated m-HfO2 and the system under study (in the present 
case, the bixbyite Ho2O3). In order to follow the doping process of 181Hf donor impurities in the 
semiconductor Ho2O3 and to elucidate the effect of each variable involved in the process (milling time, 
temperature, ball to powder ratio, etc.), TDPAC experiments were carried out after each step of the doping 
process. The obtained hyperfine parameters were compared to those of m-HfO2, to those expected for Ho2O3 
using a well established EFG systematics for 181Ta in bixbyte sesquioxides, and to TDPAC results obtained 
in Ho2O3 samples doped by ion implantation of 181Hf(→181Ta). 
As we will show, we can determine the effect played by the milling and the thermal treatments, showing the 
capability of the TDPAC technique to follow the doping process and to give information about the inter-
diffusion processes. We also demonstrate the excellent efficiency of the ball-milling-assisted solid-state 
reaction process to locate Hf donor impurities at the defect-free cationic sites of the Ho2O3 semiconductor, 
quantifying directly the amount of impurities doped after each step of the process.  
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The nanotechnological interest in reducing the dimensions of Si complementary metal-oxide-semiconductor 
devices has led to a need of replacing the SiO2 gate insulator with high-k dielectric oxides. Among many 
candidates, HfO2 and its alloys with SiO2 have attracted the attention due to their high permittivity and 
thermodynamic stability concerning solid- state reactions with Si subtrate. This fact makes the study of the 
solid-state reactions between Si and HfO2 of main interest. The Perturbed Angular Correlations (PAC) 
method is a powerful tool for the determination of electric field gradients at atomic sites in solids. In this 
way, it is possible to characterize different compounds and phases.  
The aim of this article is to characterize high-energy ball milled equimolar mixture of HfO2 and crystalline 
silicon powder by PAC technique complemented with X-ray diffraction analysis. In order to better analyze 
the results of the milling treatments, pure hafnium oxide was milled in the same conditions and measured 
subsequently.  
PAC results from pure hafnium oxide revealed that the well-known monoclinic phase of HfO2 is strongly 
disrupted with 2 hours of high- energy ball milling. A new hyperfine interaction, rather asymmetric, must be 
proposed to give account of the experimental results. The damage does not increase so much as the milling 
treatment progresses. 
The structure of m-HfO2 seems to be less perturbed in the milled mixtures HfO2-Si if compared with the 
same milling times in pure HfO2. The same new interaction observed in milled HfO2, but more asymmetric 
and distributed, must be considered to give account of the experimental results. The results are compared 
with previous PAC studies on milled HfO2-SiO2 [1].  
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Cu-based ternary metallic glasses are promising for practical applications since they joint together 
interesting mechanical properties like strong glass-forming ability, high strength, ductility and low cost. For 
the Cu-Zr(Hf)-Ti system, Ti addition increases the glass forming ability of the alloy while diminishes its 
glass transition temperature, Tg, but improves its mechanical properties.  From the point of view of the glass 
forming ability, it is important not only the structural characterization of the starting amorphous alloys but 
the stable and metastable crystalline phases formed at each crystallization step as well. In this sense, we are 
interested in look forward a relationship between short range order, i.e different crystalline phases, and 
mechanical properties.   
 
We present here a Perturbed Angular Correlation (PAC) study on these amorphous alloy series, prepared by 
melt-spinning, with different copper and titanium content.  
The electric field gradient (EFG) thermal evolution is analyzed in order to characterize the intermediate and 
final phases. 
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For problems involving simulations or theory of hyperfine interactions in materials, it would be convenient 
to work in dimensionless coordinates of reasonable magnitude. The length scale should be approximately a 
lattice parameter. The time scale should be approximately an inverse hyperfine frequency. The energy scale 
should be approximately a hyperfine splitting energy. The scale for electric charge should be approximately 
the elementary electronic charge. The scale for electric field gradients (EFGs) should be approximately as 
observed in materials (e.g. 1019 to 1021 V/m2). Similarly for magnetic hyperfine fields. 
 
There are too many constraints here to allow for an ideal, universal dimensionless unit system. Nevertheless, 
we can define a useful “natural” dimensionless unit system that simplifies point-charge approximations, 
scaling between different crystal structures, scaling charges of various defects in materials, and other 
computations involving hyperfine interactions. We present the proposed system with examples of its use for 
data analysis as well as in simulations and theory. We also show concretely the connections between the 
dimensionless units and experimental quantities. 
 
This work is funded in part by NSF grant DMR 06-06006 (Metals Program). 
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The indium oxide electronic properties, pure or impurity doped, as massive material or thin films, 
irrespective of its morphology, i.e. nanoparticles or nanowires, are of high interest due to their potential 
technological applications. Perturbed Angular Correlations (PAC) measurements on pure and doped In2O3 
using 111In as radioactive probe are presented.  
Already the first paper on the application of the PAC technique to an oxide found the electron capture after-
effects (AE) for 111In/111Cd probes in In2O3.  The 111In isotope decays via EC to the 7/2+ state of 111Cd and 
after 170 ps the first γ quanta of the PAC cascade is emitted. The EC-decay caused a hole in the K-shell, 
which is filled by X-ray and/or Auger transitions. Within 0.01 ps further Auger processes produce additional 
holes in higher shells. Therefore, the 111Cd-atom is highly ionized after its creation and electrons are needed 
to stabilize its electron shell. It depends strongly on the properties of the matrix (metal, semiconductor, and 
insulator) whether enough electrons are available in time or not. In metals the missing electrons are fast 
supplied and no AE is observed. But in semiconductors or insulators the relaxation time of the excited 
electron shell may be longer than the mean lifetime  of the hyperfine-sensitive intermediate state in 111Cd 
( 122 ns), leading to time-dependent (fluctuating) EFGs and damped PAC perturbation functions G22(t)  
Many different experiments have proven that the EC after-effect is, without doubts, the origin of this 
damping of the R(t) functions. Implantations at ISOLDE/CERN of the 48 min isotope 111mCd into different 
bixbyite oxides showed no aftereffect, the same was observed in the PAC-experiments with the 181Hf/181Ta. 
In both cases, no EC-decay can distort the probe’s electron shell and no additional electron is needed.  
The existence of these aftereffects depends on the oxide purity. In this communication are presented results 
obtained with indium oxides samples contaminates with different impurities. An equimolar mixture of OCd 
and In2O3 doped with 111In and overnight calcinated at 1273 K in normal air atmosphere, results in In2O3 
doped with Cd impurities. Additionally, In2O3 doped with C was made: a mixture of indium metal and 
carbon, in a porcelain crucible, loosely cover was overnight calcinated  at 1273 K.   In this way crystals of 
In2O3 grew on the walls and cover of the crucible. Later the crystals were doped with 111In.  PAC spectra of 
both samples were studied as a function of temperature. The obtained results show pronounced differences, 
which can be ascribed to the donor or acceptor character of the impurities. 
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A pressure and temperature effect was studied in the Fe partial phonon density of states by 57Fe nuclear 
resonant inelastic scattering (NIS) in the superconducting Fe1.01Se. We found i) no pronounced changes 
across the tetragonal – orthorhombic phase transition and ii) a hardening of the phonon spectrum as a 
function of pressure in the superconducting phase. We conclude that the strong increase of Tc in Fe1.01Se 
with pressure [1] cannot be described in the framework of classical electron-phonon coupling, for instance, 
in the McMillan formalism. This result suggests the importance of both lattice and spin fluctuations in the 
observed superconductivity [2].  
Mössbauer spectroscopic studies were done at ambient and high pressure. Temperature dependence of the 
Mössbauer-Lamb factor in Fe1.01Se was measured across the tetragonal-orthorombic structural phase 
transition at ca. 95 K. It has been shown that the orthorhombic phase is slightly softer that the tetragonal one.  
Among other factors which could be responsible for Tc enhancement in Fe1.01S under pressure is the 
behavior of electronic density of states at the Fermi level. Indirectly the information about the electronic 
density at the Fe sites bears the isomer shift on 57Fe nucleus. We observe a decrease in the isomer shift in the 
tetragonal phase of Fe1.01Se which corresponds to increase in s electron density at Fe nucleus under pressure. 
We discuss several mechanisms by which core electron contribution can be altered by pressure.  
Mössbauer measurements in the external magnetic field below the transition to the superconducting state 
revealed zero electron spin density on Fe atoms in Fe1.01Se and FeSe0.5Te0.5. Interpretation of Mössbauer 
spectra of Fe1.01Se and FeSe0.5Te0.5 in the Shubnikov phase will be discussed [3]. 
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Contamination of silicon with copper impurities has been a longstanding problem in processing devices, 
which causes degradation of their performance because of the fast diffusivity and formation of deep levels in 
the band gap [1]. -NMR studies with a short lived nucleus 58Cu(I  = 1+, T1/2 = 3.2 s) as a microscopic probe 
should be able to provide unique information on the mechanism of Cu diffusion and behavior of Cu-dopant 
complex (ex. Cu-B pair) in Si. In this report we present the first result on the -NMR measurements of 58Cu 
in silicon.  

A spin polarized 58Cu beam was produced through the charge exchange reaction of 58Ni with a Be target, 
using a 63A-MeV 58Ni beam provided by the K540 RIKEN Ring Cyclotron. The 58Cu nuclei emitted at 
angles in between 0.75° and 4.1° were separated by RIPS and implanted into a catcher sample of single 
crystalline Si (B doped) at 15 K. The -ray yield from 58Cu was ~103 counts/s. The finite polarization of 
about 0.2% was observed and then the -NMR spectrum for 58Cu 
in Si was obtained as shown in Fig. 1. The magnetic moment of 
58Cu was determined to be (0.46 ± 0.03) N which is in agreement 
with the recent results on the laser spectroscopy [2]. The spin 
lattice relaxation rate 1/T1 = (0.7 ± 0.6) s-1 for 58Cu in Si(B) was 
also obtained at 15 K. The present result has shown that the 58Cu 
nucleus is promising as a nuclear probe for the microscopic study 
of copper impurities in silicon.  
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Fig. 1. Beta-NMR spectrum of 58Cu in 
Si. 
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The decay of 111In to 111Cd via electron capture, accompanied by Auger electrons, leaves the outmost atomic 
shell of the Cadmium in a highly ionized state.  
In PAC measurements, this so called “electron capture after effect” leads to a significant loss of anisotropy 
and can be associated with a highly fluctuating electric field gradient (EFG). 
The recovery of the 111Cd shell by electronic recombination depends on the concentration and the mobility 
of charge carriers in the material. For insulators, the recombination timescale lies in the nanosecond regime, 
the generic timescale of hyperfine interaction processes as investigated by the PAC method.  
In previous measurements the fraction of undisturbed probe atoms showed a strong and reversible 
dependence on the sample temperature [1]. 
Our current approach is to determine and alter the conditions under which electrons are sufficiently available 
to suppress the “after effect”. 
Sapphire single crystals were ion implanted with 111In at the mass separator in Bonn. After rapid thermal 
annealing the samples were held at temperatures up to 1000 K. To alter the recombination characteristics 
and to study the influence of acceptor and donator levels, the samples were additionally doped with several 
concentrations of Si, Cr and P. 
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The nuclear electric quadrupole interaction of the probe nucleus 111Cd  on In sites of the heavy-fermion 
compound CeCo(In1-xSnx)5; x = 0.01 has been investigated in the temperature range 15 ≤ T ≤ 290 K by 
perturbed angular correlation spectroscopy. Single crystals of CeCo(In1-xSnx)5  grown from an In flux by 
combining stoichiometric amounts of Ce and Co with excess In [1] were doped with the PAC probes 111Cd 
by diffusion at 700 K of radioactive 111In  from a carrier-free solution of 111InCl3 into the host lattice.   
Apart from a sizeable fraction of non-reacted In metal, the PAC spectra contain contributions of two In-sites 
related to the CeCoIn5 structure, an axially symmetric and an asymmetric site. The 111Cd electric field 
gradient (EFG) of these sites differs substantially from the two EFG values determined by NQR 
measurements for the probe 115In on sites 1c and 4i of CeCoIn5, both with respect to symmetry and strength 
ratio. For insight into the mechanism leading to these differences, an ab initio study of the structural and 
electronic properties of 111Cd on In sites of CeCoIn5 is under way.   
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Fig. 1: PAC spectrum of 111Cd in a single crystal sample of CeCo(In1-xSnx)5; x = 0.01 at 
290 K. 

 

 

 

 

 

 

 

0 100 200 300 400 500

-0.05

0.00

0.05

0.10
 

-A
22

G
22

(t)

t (ns)



142 
 

PS2-34-16 
A User-friendly Fully Digital TDPAC-Spectrometer 

 

Tilman  Butz1, Markus Jaeger1, Kornelius Iwig2 
1 University of Leipzig, Germany, e-mail: butz@physik.uni-leipzig.de 

2 MSC-Technik GmbH Halle, Germany 
  

The new user-friendly fully digital TDPAC spectrometer consists of 6 detectors (38 mm diameter x 38 mm 
height LaBr3(Ce) scintillators  mounted on XP2020URQ photomultipliers; energy resolution DE/E = 3% at 
662 keV) arranged in a cube (see fig.1), a PXI system with 3 digitizer cards of the type AC240 (each card 
has 2 channels and one FPGA, see fig.1), and a single PC with a special PCI card to communicate with the 
PXI system. 
Each digitizer channel runs with a sample rate of 1GS/s and for every digitizer channel there is an 
independent data stream. These 6 data streams are fed into 3 FPGAs. The task of the FPGA is to process the 
data streams by real parallel digital hardware. The FPGA has 2 main tasks: (i) search for pulses and 
calculate the pulse area for the energy histogram (takes 265 ns); (ii) search for pulses and calculate their 
timestamps by the CFD method (takes 1354 ns). 
To calculate a timestamp in the FPGA a 5 stage pipelined digital circuit is used: 1) Detection of pulse by a 
threshold comparison in order to filter uninteresting data. 2) Summation of the digitized data stream for the 
energy determination. 3) Classification of the pulses by the calculated energy area from stage 2. This is done 
by a comparison with a given energy window. 4) Fitting a polynomial of degree 3 by 4 points around the 
CFD level. 5) Finding the CFD timestamp with a binary search algorithm by comparing the CFD level with 
the values of the polynomial. 
After stage 5 the calculated timestamp is saved into a FIFO inside the FPGA. The FIFO is built by FPGA 
internal BRAMs. Stage 5 is the bottleneck with a throughput of 1.05 million timestamp per second. The 
spectrometer creates a timestamp data stream of 8.4 MByte/s per channel, i.e. a 50.4 MByte/s data stream 
from the digitizers to the PC. In a typical application we have a pulse rate of 5 kHz per channel, i.e. a data 
stream of only 240 kByte/s from the digitizers to the PC. 
The PC with Windows XP executes the spectrometer software which collects the datasets from the digitizers 
via PCI DMA transfers (85 MByte/s). 
The software runs on an Intel Core2Duo CPU with 1.8GHz. For the time spectrum the software executes a 
coincidence search, the critical part of the spectrometer software. The coincidence search has a throughput 
of 7 million timestamp comparisons per second.   
  
 
 analog electronics and cable delays Right: 3 digitizer cards AC240 replacing all conventional hardware 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Left: 6-detector cube with conventional analog electronics and cable delays.  Right 3 digitizercards AC240 replacing all 
conventional hardware. 
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The Mössbauer spectroscopy technique belongs to few methods of defining the phase state or 

crystallographic sites of substance. The Mössbauer spectra bear information on various hyperfine 
interactions, many of which are indirectly related to the chemical nature of the Mössbauer atom and its 
nearest environment. Determination of parameters of hyperfine interactions that can be extracted from 
Mössbauer spectra and used for qualitative analysis is a routine task. The nice description of calculation the 
most important parameters from experimental spectra are given in excellent reviwes [1-2]. 

In present work we studied the influence of main factors on experimental errors encountered in 
quantitative defining the phase composition or site populations of the substance under study. Such as 
measurements geometry, Lamb - Mössbauer coefficients, absorber thickness, efficiency and dead time of the 
detection system and spectral line shape. The absolute f measurements were made with “black” absorber 
method. Mössbauer measurements were carried out under carefully controlled of background intensities. 
Since the accuracy of f evaluation is directly depend on the measurement of background. The influence of a 
non-uniformity of samples on results of the quantitative analysis is discussed. Data analysis we divided into 
two parts: removal of instrumental artifacts by folding and baseline correction and deconvolution to extract 
hyperfine parameters of individual local environments [3-5].  

In our approach calibration graphs were drawn by measuring the spectra of a series of analogous samples 
having different known concentrations. For the same purpose, internal standard method also was used. 
Experimental data are presented for phase analysis of different industrial samples.  
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Emission-channeling (EC) is a powerful experimental technique to pin down the exact site of atoms in a 
crystal lattice [1]. For EC typically radioactive isotopes are implanted that subsequently emit alpha or low-
energy beta particles or conversion electrons. Unfortunately several elements have no radioisotope with 
suitable half-life and charged particle energies. However, if the element in question has an isotope with high 
cross-section for thermal neutron-induced proton or alpha emission, these charged particles can be produced 
by exposing the sample to an intense neutron flux. This technique was explored already 30 years ago by 
Biersack et al. at Institut Laue Langevin [2,3]. However, then the 2D particle detector covered only a 
fraction of the solid angle of the EC pattern and a measurement of a total EC pattern required the lengthy 
separate measurement and subsequent overlay of tens of spectra. 
Today, modern silicon pixel detectors can cover the entire EC pattern in a single measurement. We will 
present results of the first use of the TimePix detector for thermal neutron induced charged particle emission 
channeling measurements. The semiconductor pixel detector TimePix (256 x 256 pixels) is a successor of 
the Medipix2 device. Timepix pixels can be operated in the so-called Time-over-Threshold (TOT) mode 
allowing direct measurement of the energy deposited in each pixel [4].  
We observed EC patterns with bulk LiF crystals (with 6Li at its natural isotopic composition of 7.5%) and in 
highly 10B doped diamond. The latter samples become superconducting at a Tc of several K [5]. 
Today intense 7Be beams can be produced at ISOLDE-CERN, allowing the doping of samples with several 
1015 atoms of 7Be within few hours [6]. We also studied the EC patterns of ZnO implanted with 7Be at 
ISOLDE. 
Clear EC patterns could be observed for all these samples.  
Prospects for lattice location studies of beryllium and boron by neutron-induced charged particle EC in a 
variety of materials will be discussed. 
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Nowadays the investigations of nanostructures and nanomaterials by various physical techniques are of great 
interest. Mössbauer spectroscopy is one of not numerous methods, which allows determining of 
physicochemical state of the substance, its structure, electrical and magnetic properties. However, 
Mössbauer spectra of nanoparticles generally possess a complicated, poorly resolved, hyperfine structure 
with low signal-to-noise ratio. It should be noted, that same situation may be observed when metalloorganic 
substances and biological objects or after-effects of nuclear transformations are investigated. So that, when 
such materials are under investigation, a problem arises to refine resolution and sensitivity of Mössbauer 
spectroscopy technique. The most effective way to resolve the problem is application of resonance detectors. 
On advantage of resonant detectors over usual nuclear physics detectors is that they possess high selectivity 
with regard to resonant radiation and allow raising considerably the method’s sensitivity when working in 
the transmission mode. In addition, when investigating the after-effects of nuclear transformations in the 
emission mode, there is no need to use spectral line analyzers, and the value of the resonant effect can be as 
high as several hundred percent. It is well known that resonant nucleus de-excitation after absorption of the 
Mössbauer radiation is realized by several ways. Interaction of incident radiation with a medium leads to 
reemitted gamma radiation, secondary X-rays, conversion electrons and Auger electrons. Registration of 
secondary radiation, preferably secondary electrons, is the base of manufacturing of resonance counter. As 
the counter of secondary radiations any nuclear physics counters can be used. But experimental 
investigations show, that the best one is a gas proportional microfoil counter. Up to date among all 
Mössbauer isotopes we can find only two effective resonance counter, namely for 119Sn and 151Eu 
experiments. For tin experiments there are two effective converters – CaSnO3 and BaSnO3 with f-factor 
equal to 0,5 and natural line width. For europium it is possible to use the EuF3 compound. Searches for 
resonant pairs for the most widespread isotope 57Fe led to the selection of double ferrocyanide (2PFC) 
K2MgFe(CN)6, whose spectral line coincides almost completely with the source line for Co(Cr) (δc = 0,3 
mm/s), however for 2PFC the f-factor is only 0,3. The best parameters for iron experiments show the 
compounds Fe50Al50 and FeGe2, which have natural line width and f-factor ~ 0,6. Unfortunately spectral 
lines of these compounds do not coincide with any sources used in experiment. We offer the optical scheme 
of versatile Mössbauer spectrometer, which will allow expanding considerably a number of Mössbauer 
isotopes to which the principle of resonance registration can be applied. The scheme of such spectrometer 
contains two strictly synchronized motions. In this work, the particulars of applying resonance detection are 
described and its advantages are demonstrated experimentally in comparison with conventional methods of 
detection. 
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POLAREX (POLARization of EXotic nuclei) is a new experiment for the study of the nuclear magnetic 
moments and spins of exotic nuclei [1]. The On-Line Nuclear Orientation (OLNO) method will be used to 
observe the decay of a spin-oriented ensemble of nuclei. The OLNO method associates on-line implantation 
of a radioactive beam of interest with the “Low Temperature Nuclear Orientation” (LTNO) technique [2]. 
The low temperature orientation is obtained with an OXFORD 400 3He-4He dilution refrigerator which 
represents the main technical part of the system and that we inherited from TRIUMF (Fig. 1). The exotic 
nuclei are implanted into a ferromagnetic host foil held at a temperature of order 10 mK attached to the cold 
finger of the refrigerator. 
 
The nuclear spins are oriented through the internal hyperfine field (10-100 T) and the ferromagnet fully 
magnetized by an external magnetic field (about 0.5 T). The aim of this experimental setup is to study 
neutron-rich nuclides produced at the ALTO facility (Linear Accelerator at Orsay Tandem) by fission 
induced by electrons from the linear electron accelerator (10-50 MeV, 10 A) [3]. At the conference it will 
be presented the first "off-line" measurement achieved with this setup: anisotropy of 60Cobalt on single 
crystal of cobalt. The aim of such measurement was to calibrate the apparatus. Then it will be also discussed 
the planning of the next studies and the evolution of this infrastructure.  
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Air pollution is focused upon strongly nowadays because many diseases are caused by inhaled particulate 
matter (PM) in air such as pulmonary and trachea diseases as well as epidemiological diseases. The toxicity 
of PM to human health is not only related to its elemental concentration and particle size also to its chemical 
species. Mossbauer spectroscopy can be used to study that information from Fe [1]. Pb, Zn, Cu and Mn can 
be studied besides Fe by XANES on Synchrotron. In order to control the pollution to find the origin of 
pollution sources is also important. The synchrotron X-ray fluorescence microprobe (μ-SXRF) is a powerful 
tool to study that by analysis of individual aerosol particles combined with the pattern recognition technique 
[2]. 
In this paper we present the study of speciation of iron and other elements and their transformation in 
atmospheric particulate matter in Shanghai. The samples of PM10 (aerodynamic diameter<10μm) and PM2.5 
were collected from four sampling sites in Shanghai, China. They represent the iron and steel industrial 
district, commercial district and suburban district, respectively, as well as a special place i.e. tunnel where 
only for vehicles. The elemental concentrations were determined by ICP-MS.   
The results showed that iron compounds in all samples consisted of Fe2O3, Fe3O4 , Fe2(SO4)3 and Fe2+ high 
spin state but their proportions were different in different sampling sites, dependent of each environmental 
condition. The relative concentration of iron oxide in samples collected in the iron and steel industrial 
district is higher than the one in commercial and suburban districts, but the relative concentration of the iron 
sulfate is contrary to that case. In addition it was found that the concentrations of ferric sulfate in PM2.5 are 
higher than those in PM10. In order to study the transformation of iron compound the samples collected from 
different position in tunnel were measured. The transformation of Fe3O4 to Fe2O3 and the transformation of 
iron oxide to iron sulfate by SO2 were found. Many results for iron were proved by XANES. Meanwhile 
speciation of Pb, Zn, Cu and Mn in PM is also presented 
In addition a big amount of superparamagnetic particles with ~10 nm contained in PM was found by 
Mossbauer spectroscopy at 12 K, and their relative concentrations were related to the sampling sites. These 
nano-particles can reach alveoli directly.  
The result of pollution source assignment shows that the most of analyzed PM10 and PM2.5 particles were 
derived from vehicle exhaust, metallurgic emissions and power plants, and the mass concentration 
decreasing with year was found. 
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Radioisotope (RI) beam can be applied as a Mössbauer probe to obtain the useful information about site 
occupations, dynamical behaviors, and exotic chemical states of extremely diluted atoms in materials. In the 
57Mn (T1/2=1.45 min) implantation Mössbauer spectroscopy, a gas-filled resonant detector with an 57Fe-
enriched stainless-steel absorber was used exclusively to obtain Mössbauer spectra. The detector, so-called a 
parallel-plate avalanche counter (PPAC), can collect effectively a few numbers of Mössbauer -quanta by 
accumulating the conversion electrons emitted by Mössbauer effect. However, since 57Mn nuclei decay to 
57Fe by emitting high-energy electrons, the -rays penetrated to PPAC cause the background level of the 
spectrum to increase. We improved the detection system to reduce the noise level by using an 
anticoincidence method between the ray and the Mössbauer -ray originated from 57Mn, and succeeded to 
obtain the spectra of a single-crystalline -Al2O3 with sufficient the S/N ratios. Here, we discuss the final 
lattice sites and chemical states of 57Fe arising from 57Mn in -Al2O3 based on the obtained Mössbauer 
parameters and the results of density functional calculation. 
57Mn was produced by projectile fragmentation of an 58Fe beam on a Be target using the Heavy Ion Medical 
Accelerator (HIMAC) of NIRS. 57Mn nuclei (~106 pps) were implanted into a single-crystalline -Al2O3 
after passing through energy degraders. A thin plastic scintillation counter was set between PPAC and the -
Al2O3 sample to reject the -rays that induced high background.  
The 57Mn implantation Mössbauer spectra were measured at room temperature, 193 K, and 92 K. The 
obtained spectra could be analyzed by three components of doublets from the calculations of ORCA 
program. It was concluded that D1 (  =0.43 mm/s, EQ=0.22 mm/s), D2 (  =0.70 mm/s, EQ =1.31 mm/s), 
and D3 (  =0.68 mm/s, EQ =2.43 mm/s) at R.T. were assigned to be substitutional Fe atoms on Al sites, 
interstitial Fe atoms with octahedral symmetry of oxygen, and substitutional Fe atoms with an oxygen 
deficiency. The temperature dependence of these components will be discussed.  
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Spin systems consisted of single electronic spin S=1 of the NV center and few nearby isotopic 13C nuclei 
spins I=1/2 in diamond lattice which can be used as a register of a quantum computer [1] or as a sensor of a 
magnetic field [2] are studied using spin Hamiltonian method. At odd number of 13C nuclei the eigenstates 
of the spin system at zero external magnetic field are twofold (Kramers) degenerated due to the time reversal 
invariance of the spin Hamiltonian. This degeneracy is lifted only by external magnetic field regardless of 
any electric (crystal) field presented thus making such spin systems to be perspective for measurement of a 
local magnetic field by the NV-based single-spin quantum magnetometer [2]. 
Here (see also [3]) we have discussed spin properties of such spin systems using experimental data on 
hyperfine interactions obtained by observing electron paramagnetic resonance (EPR) on NV ensemble or by 
monitoring optically detected magnetic resonance (ODMR) spectra and spin echo modulation on single NV 
centers. Additionally, we used the density functional theory (DFT) to simulate the H-terminated carbon 
clusters hosting NV centers and calculate the hyperfine interaction matrices for 13C nuclei in clusters. We 
have shown that our cluster simulations provide better correspondence to experimental data even for 
comparatively small clusters (the largest considered cluster was the C84H78NV cluster) then the super-cell 
calculations [4] made using much larger super-cells. Moreover, for a first time we have calculated zero-field 
splitting parameters D and E for the NV center and found for the C84H78NV cluster the values       
D=2837.23 MHz and E=2.12 MHz. For the simplest spin system “NV+113C” we got exact analytical 
expressions for energy levels and eigenstates. Available experimental data [5] on ODMR spectra and spin 
echo modulation obtained on “NV+n13C” spin cluster are interpreted without fitting parameters. 
Additionally, we have studied (see also [6]) the effects of a diamond surface on the NV spin properties 
depending on position and orientation in the NV center in cluster. The cases of non-passivated as well as H-, 
OH- and COOH- terminated surfaces (111) are considered. We have calculated hyperfine interaction 
constants as well as ZFS parameters D and E. All these characteristics have been found to be dependent on 
position and orientation of the NV center with respect of the surface as well as on the type of surface 
functionalization. Especially dramatically spin characteristics are changed (with respect to those for “bulk” 
clusters) for the NV center near non-passivated diamond surface. 
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 Piperidine and pyrrolidinium molecules form two kinds of O---H---N type hydrogen bonding with a 
p-bromobenzoic acid in each crystal. These crystals take the same space group of Pbca as piperidinium and 
pyrrolidinium p-chlrobenzoate (abbreviated to PIC(H) and PYC(H)) crystals[1-3]. Deuterium substitution 
samples of piperidinium and pyrrolidinium p-chlrobenzoate-d2 (PIC(D) and PYC(D)) have shown 
anomalous H/D isotope effects: large shifts of 35Cl NQR frequencies reaching to ca. 290 kHz have been 
recorded, although Cl atoms makes no hydrogen bond in the crystals. In addition, 1H MAS NMR lines have 
displayed significant changes, while in contrast, little shifts of 13C CP/MAS NMR signals have been 
obtained[1,2]. Since it is expected that anomalous H/D isotope effects are also detected in piperidinium and 
pyrrolidinium p-bromobenzoate, 79Br NQR and 1H MAS spectra measurements were carried out.  
 Piperidinium and pyrrolidinium p-bromobenzoate (PIB(H) and PYB(H)) were prepared by adding 
piperidinine and pyrrolidine to a hot benzene solution of p-bromobenzoic acid and by evaporating the 
solvent. The crude specimens obtained were recrystallized from benzene. PIB(D) and PYB(D) were 
prepared by crystallizing three times from a hot CH3OD and recrystallization from dried benzene. 
Measurements of 79Br NQR frequency were performed using a handmade super-regenerative spectrometer. 
Solid-state high-resolution 1H MAS NMR experiments were carried out at a Larmor frequency of 600.13 
MHz with a Bruker Avance 600 spectrometer. The samples were packed in a ZrO rotor with an outer 
diameter of 2.5 mm and the spinning rate was kept at 30 kHz through the acquisition of FID. 
 Temperature dependences of 79Br NQR frequencies obtained 
for PIB(H) and PIB(D) are shown in Fig. 1. Small H/D isotope shifts 
of ca. 70 kHz were recorded although large 35Cl NQR shifts have 
been detected for PIC[1]. Moreover 1H MAS NMR spectra of PIB 
and PYB showed little changes by deuterium substitution. In order 
to reveal these differences between PIB, PIC, PYB and PYC, DFT 
calculations were carried out using the Gaussian 03w computer 
program. DFT estimation suggests that H/D changing of atomic 
arrangements contribute to EFG of Br atoms and shielding tensors 
of H atoms.  
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57Fe hyperfine parameters may be used to additionally characterize a quality of iron-containing 
pharmaceutical products. Therefore, we studied, using a high velocity resolution Mössbauer spectroscopy, 
several commercially available medicaments containing ferrous fumarate (FeC4H2O4) and ferrous sulfate 
(FeSO4) as a source of ferrous iron. It was shown earlier that Mössbauer spectroscopy with a high velocity 
resolution gives a better accuracy of hyperfine parameters evaluation, hence it enables revealing of small 
variations in their values [1, 2]. In this study, Mössbauer spectra of various samples were measured in 4096 
channels at room temperature using a spectrometric complex described elsewhere [3, 4]. The spectra of the 
samples containing ferrous fumarate were presented for their analysis in 2048 channels by consequent 
summation of 2 neighboring channels, while those of other samples were analyzed in 4096 channels. As 
example, the spectrum of Sorbifer Durules (FeSO4) is shown in Fig. 1. The analysis of the spectra recorded 
on the samples containing FeSO4 revealed a presence of one main and two minor ferrous compounds, whose 
hyperfine parameters are shown in Fig. 2. It is interesting to observe small differences of the hyperfine 
parameters for the main component (FeSO4). Similar differences in the hyperfine parameters of the main 
component (FeC4H2O4) were found for the samples containing ferrous fumarate. They may have their origin 
both in the production process as well as in ingredients used by different producers. 
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Fig. 1. Mössbauer spectrum of Sorbifer 
Durules (FeSO4) fitted with three subspectra 
(1–3). T=295 K. 

 

Fig. 2. Hyperfine parameters of (a) main component 1, (b) minor component 
2 and (c) minor component 3 as found for FeSO4–containing Sorbifer 
Durules (), Hemofer  () and Falvit  (). 
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The perturbed angular correlations (PAC) spectroscopy has been used to study the DNA, using 111In(111Cd) 
probe nucleus. The biological molecules studied were DNA of different mice lineages (A/J, C57BL/6, 
B6AF1, BXA1 and BXA2) infected by the strain of T. cruzi. This parasite may cause the Chagas disease 
when transmitted to humans. One of the advantages of applying PAC technique to biological molecules is 
that the experiments can be carried out on molecules in aqueous solution, approaching the function of 
molecules under conditions that are close to in vivo conditions. The samples were measured at the room 
temperature and at 77 K in each case. The samples measured at room temperature showed dynamic 
interaction with fast relaxation of the quadrupolar interaction A/J (  = 7.6372 MHz); C57BL/6 (  = 8.7097 
MHz); B6AF1 (  = 8.8570 MHz); BXA1 (  = 18.0240 MHz) and BXA2 (  = 15.9304 MHz), resulting in an 
exponential decay of the PAC spectra. The samples measured at the liquid nitrogen temperature on the other 
hand showed quite slow relaxation (  ~ 0) of the quadrupolar interaction or only static interactions as 
expected at low temperatures: A/J ( Q = 141.975 MHz); C57BL/6 ( Q  = 147.694 MHz); B6AF1 ( Q = 147.681 
MHz); BXA1 ( Q = 217.346 MHz) and BXA2 ( Q = 221.828 MHz). The results showed, qualitatively, the 
existence of dynamic interactions between biomolecules and the probe nuclei. A systematic variation of the 
rotational diffusion parameter was observed that depends on the type of molecule and the sample 
temperature, showing that probe nuclei were in fact bound to the biomolecules. 
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Comparison of the heme iron electronic structure in various hemoglobins is very important in order to 
analyze structure-function relationship of oxygen carriers. It is well known that small stereochemical 
differences exist in the heme iron in different hemoglobins as well as in non-identical subunits in tetramer. 
Mössbauer spectroscopy is the most sensitive technique to study iron electronic structure in various species 
including iron-containing proteins. It was shown earlier that Mössbauer spectroscopy with a high velocity 
resolution increased possibilities of technique in accuracy of hyperfine parameters evaluation and revealing 
its small variations [1]. Mössbauer spectra of oxyhemoglobin samples from 
pig, rabbit, normal human and patients with blood system malignant diseases 
were measured using spectrometric complex with a high velocity resolution 
[2] at 90 K in 4096 channels. Then Mössbauer spectra were presented for 
analysis in 1024 channels by consequent summation of 4 neighboring 
channels. Mössbauer spectra were fitted in two ways using one quadrupole 
doublet (model of equivalent iron electronic structure in – and –subunits 
of hemoglobins) and superposition of two quadrupole doublets (model of 
non-equivalent iron electronic structure in – and –subunits of 
hemoglobins). Small variations of hyperfine parameters obtained within the 
first model are shown in Fig. 1. Hyperfine parameters obtained using both 
models were compared with structural and functional properties of 
hemoglobins.  
This work was supported in part by the Russian Foundation for Basic Research 
(grant # 09-02-00055-a). 
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Fig. 1. Quadrupole splitting versus 
isomer shift for various 
oxyhemoglobins obtained using the 
first model fit:  – pig,  – rabbit,  
– normal human,  – patient with 
multiple myeloma. 
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Alkyl methacrylates are of significant importance in the chemical industry. For example, free radical polymers, 
which contain the methacrylate backbone, are more rigid than acrylate polymers [1].  
The aim of this project is focused on modification of the iron phosphate catalyst and optimizing conditions 
necessary for the formation of higher alkyl methacrylates. 
 
The fresh and spent catalyst were characterised using Attenuated Total Reflection Infrared Spectroscopy 
(ATR-IR), Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES), Room temperature X-
Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS), 
Mössbauer Spectroscopy, and BET surface area and Pore volume measurements. Additional techniques 
employed for the fresh catalyst included In-situ X-Ray Diffraction (XRD), Temperature Programmed 
Reduction and Oxidation (TPR, TPO), Temperature Programmed Desorption (TPD), Thermogravimetric 
and Differential Thermal Analysis (TGA-DTA/DSC). 
 
The results obtained from certain techniques above were compared to the Mössbauer data and shall be 
discussed. Catalytic activation of the catalyst under certain reaction conditions had shown the formation of 
the active alpha phase, α-Fe3(P2O7)2, which is a mixed ferric and ferrous phosphate, and has been reported to 
be very active under catalytic conditions [2]. 
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Fig. 1. Phase transformations of the iron phosphate. 
catalyst 

Initial uncalcined catalyst in Fe3+ 
state 

 α-Fe3(P2O7)2 – spent 
catalyst 

Fe2P2O7 – reduced catalyst 



156 
 

 
PS3-6-113 

 Chemical states of 
57

Fe in rock salt type crystals arising from 
57

Mn  

M. K. Kubo
1, T. Nagatomo1, 2, Y. Kobayashi2, Y. Yamada3, W. Sato4, M. Mihara5,  

J. Miyazaki
6

, S. Sato
7

, A. Kitagawa
7 

 

1
International Christian University, Mitaka, Tokyo 181-8585, Japan, e-mail: kkubo@icu.ac.jp; 

2
Advanced Meson Science Lab., 

Nishina Center for Accelerator-Based Science, RIKEN, Wako, Saitama 351-0198, Japan; 
3
Dept. of Chemistry, Tokyo University 

of Science, Shijuku, Tokyo 1628601, Japan; 
4
Grad. School of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan; 

5
Dept. of Chemistry, Kanazawa University, Kanazawa, Ishikawa 920-1192, Japan; 

6
College of Industrial Technology, Nihon 

University, Narashino, Chiba 275-8575, Japan; 
7
National Institute of Radiological Sciences (NIRS), Inage, Chiba 263-8555, 

Japan. 
 
A study of 

57
Fe in-beam Mössbauer spectroscopy using 

57
Mn provides direct information on state of nuclear probes 

and on electronic properties of the materials around the probes. We have previously reported the studies on 
57

Mn 
implanted into KMnO4 [1] and O2 solids [2]. Recently, our detection system was successfully improved to obtain in-
beam Mössbauer spectra with large S/N ratio using HIMAC (Heavy Ion Medical Accelerator in Chiba). Here, we 
demonstrate the validity of this technique applied to the samples having rock-salt type crystal structure, NaF, NaCl 
and MgO.  

The 
57

Mn beam was produced as a nuclear projectile fragment of the 
58

Fe beam, and implanted into a sample after 
passing through Pb/Al/acrylic plate degrader. A sample with 5mm in thickness was used. The 

57
Fe Mössbauer 

spectrum of 
57

Mn implanted into NaF measured at room temperature was relatively simple, which was fitted into the 
combination of a singlet (IS = −1.28 mm/s) 
and a doublet (IS = −1.17 mm/s, QS = 1.52 
mm/s). The singlet peak is assigned to high-

spin Fe
2+ 

surrounded by six F
− 

ions, which 

substitute Na
+ 

in NaF crystal. Whereas the 
assignment of the doublet is difficult; it might 
be an Fe atom with vacancy of F

− 
ions in 

neighbor, or an Fe atom in interstitial position 
of NaF lattice. NaCl showed a similar 
spectrum consisting of a singlet (IS = −1.12 
mm/s) and a doublet (IS = −1.11 mm/s, QS = 
1.41 mm/s). The singlet corresponded to the 
substitutional site and the doublet to a defect 

or interstitial site. The spectrum of MgO was analyzed as the sum of a singlet and doublets. Density functional 
calculations using ADF program set [3] applying cluster model were performed to estimate the electronic structure of 
the Fe atom in NaF lattice in various environment in order to make an assignment of the doublet peaks.  
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Figure 3 57Fe / 57Mn Mössbauer spectrum of NaF at RT. 
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The possibility of Fe (III)-reduction in alkaline environments has been subject to doubt due to the low 
mobility of Fe(III) under these conditions. However, this ability has been observed for Geoalkalibacter 
ferrihydriticus [1, 2]. Anaerobic alkaliphilic dissimilatory iron-reducing bacterium G. ferrihydriticus (strain 
Z-0531) and anaerobic alkaliphilic bacterium Anaerobacillus alkalilacustre (strain Z-0521) were isolated 
from sample of bottom sediments from low-mineralized soda lake Khadyn, Tuva (Russia) [3, 4]. A. 
alkalilacustre utilized mannitol as preferred substrate, producing formate, lactate and acetate as the main 
products. It did not reduce amorphous Fe(III)-hydroxide (AFH). G. ferrihydriticus used AFH as an electron 
acceptor and acetate as an electron donor and was not able to utilize 
mannitol. 
The aim of our work was to study the process of iron mineral 
transformation in binary culture of these two bacteria, where mannitol was 
added as the only one substrate. 57Fe Mössbauer spectroscopy at room and 
low temperatures was used as the main method of iron mineral 
determination. The concentration nFe(III) of initial AFH was varied. 
Mössbauer spectra of the sample obtained in iron-reduction process for 
nFe(III) =100 mM and measured at different temperatures are shown in Fig.1. 
The comparison of the room and low temperature spectra of this sample is 
indicative of superparamagnetic relaxation. The formation of siderite FeCO3 
and magnetically ordered phase (magnetite) were observed. The formation 
of magnetite was not observed for nFe(III) =10 mM, only siderite and the 
phase which spectrum parameters were close to the parameters of siderite 
were formed. It was also found when comparing some control probes and 
samples the joint growth of bacteria lead to a more intensive reduction of 
amorphous Fe(III)-hydroxide. 
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Fig. 1. Mössbauer spectra of 
samples measured at 

different temperatures 
(nFe(III) = 100 mM). 
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Crown thioethers are organic molecules that can act as molecular, metal and radioisotope carriers, ion-
sensitive electrodes, phase transfer reagents and etc [1]. When these lock and key compounds are 
functionalized with radioisotopes, they present promising possibilities to be applied in drug design to treat 
and diagnose diseases. The Time Differential Perturbed Angular Correlation (TDPAC) technique has been 
suggested in the literature, in connection with different radioactive probes, to aid in this study [2,3]. An 
important issue to be addressed in the case of biomedical applications is the structural stability of the Crown 
thioethers, under different conditions, what can be done through state of the art ab initio electronic structure 
calculations. Here we study the electronic, structural and electrical hyperfine properties of  some Crown 
thioethers complexed with Ag or Cd. We try to reproduce the different situations faced when there is a β 
decay of  111Ag to 111Cd as seen in a TDPAC experiment. We use the   CP-PAW code, which is an all 
electron ab initio method in the Kohn-Sham scheme of the DFT [4] combining the Car-Parrinello quantum 
molecular dynamics [5] and the Projector Augmented Wave basis (PAW) set [6]. Our Electric Field 
Gradient (EFG)  results are in a very good agreement with measurements [7] when the Cd+ atom is used to 
mimic the experimental situation. We also discuss the similarity in the electronic structures before and after 
the decay. We demonstrate in this issue the importance to evaluate the correct charge state  in the ab initio 
analysis. 
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Beta-NMR is a technique where NMR resonances are observed as changes in beta-decay anisotropy. It has 
already been successfully applied in solid state physics and the technique holds great potential for successful 
applications in biology as well, although, it has never been applied to that field before.  
Currently we are focused on setting up a new instrument at the ISOLDE/CERN which will allow to carry 
out the first measurements ever performed on biological samples. The combination of the ISOLDE facility 
and both optical pumping and tilted-foils opens up a wide spectrum of isotopes which are interesting from 
the biological point of view. With the use of beta-NMR one will gain the access to these properties of 
metalloproteins which are silent in most other spectroscopies. 
The underlying physics of beta-NMR is basically the same as for classical NMR using stable isotopes what 
is a considerable advantage since the large expertise gained within the last decades of using this method in 
the field of biophysics and chemistry can be easily projected to future beta-NMR experiments. Moreover, 
this technique offers many advantages over NMR spectroscopy. Most notably, it is extremely sensitive, 
several orders of magnitude in comparison with standard NMR, and it may be applied for elements which 
are otherwise difficult to explore spectroscopically for certain biologically highly important oxidation states, 
such as Zn(II) or Cu(I). 
We strongly believe that beta-NMR will contribute to studies of many important biological problems, such 
as structure and dynamics of molecules in solution, and therefore it would have a considerable impact in 
biological chemistry. 
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Schiff bases are compounds with two imine groups that form very stable transition metal complexes. Schiff 
base–copper complexes have been intensively studied as mimics of copper proteins [1], potential 
metallodrugs [2] and self assembled materials to be applied as biosensor [3]. These copper complexes show 
diversity of geometric configurations, electronic structures and very good catalytic activity in reactions 
involving molecular oxygen. These characteristics are related to differences in the ligand that need to 
reorganize to accommodate the ion. Coordination geometry, ligand type atoms, hydration energy and redox 
potential are some of characteristics that can influence the experimental response. Here we study a series of 
Schiff base–copper complexes using electronic structure calculations in the framework of the Density 
Functional Theory (DFT) using two computational codes: CP-PAW [4] and Gaussian 03 [5].  Our 
theoretical results for structural, electronic and hyperfine properties are compared with experimental data. 
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 Interest in the possibility of magnetic character for oxyhemoglobin (OxyHb) has been recently stimulated by the 
observations of muon spin-lattice relaxation effects studied [1] with the muon-spin rotation (μSR) technique. In 
view of this, we have carried out first-principles electronic structure investigations involving Hartree-Fock theory 
combined with many body perturbation effects for the singlet and triplet states of OxyHb. Our results indicate 
that using two recent x-ray structural data [2, 3] for OxyHb, for only Hartree-Fock theory without many-body 
effects included, the singlet state lies above the triplet state by energies of about 0.08 and 0.13 a.u. for the two 
structures in Refs [2] and [3]. Incorporation of many-body effects by the perturbation method reverses the order, 
with the triplet state located 0.18 and 0.14 a.u. above the singlet state for the structures in Refs [2] and [3]. 
Physical reasons for these relative orderings of the singlet and triplet states will be discussed.   
 It is clear that OxyHb by itself would be in a singlet state at room temperature or below, since from our 
calculation, the triplet state lies about KT above the singlet state with T having the value of 44098 K and 56449 
K for the two structural data in Refs [2] and [3]. Our calculated Mössbaubar nuclear quadrupole frequency in the 
singlet state is in good agreement with the experimental results, supporting the ordering of the singlet and triplet 
states.    
 As regards the muon spin lattice relaxation effects obtained by recent μSR measurements [1] at room 
temperature, the sensitive dependence of the singlet-triplet separation on many-body effects in our investigation 
suggests that it is possible that the singlet–triplet separation could be reversed or reduced significantly when a 
muon is  trapped near an oxygen atom of the oxygen molecule, allowing the triplet to be occupied at room 
temperature and lead to significant muon spin–lattice relaxation. Muon spin-lattice relaxation could also be 
produced by the trapping of muonium in the singlet state making the OxyHb with trapped muonium system 
paramagnetic.  
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The applications of PAC spectroscopy to biochemical subjects have progressed at a constant sustained rate 
in the last years. The principal limitations that face this type of systems concern the sample requirements: it 
is necessary to bind a suitable PAC isotope to the molecule of interest in stoichiomteric o substoichiometric 
amounts. In the biomedical field, the technique has been used to investigate organic compounds, lipid 
vesicles and macromolecules [1]. 
DTPA (diethylene triamine pentaacetic acid) is a polyamino carboxylic acid consisting of a 
diethylenetriamine backbone with five carboxymethyl groups. The molecule can be viewed as an expanded 
version of EDTA and it is used to treat the internal contamination with radioactive metals and as a “bridge” 
between isotopes and macromolecules in the radiopharmaceutical industry. Thus, the elucidation of the 
structure and dynamical behavior of metal-DTPA systems is of interest in both fields.  
In this communication, PAC spectroscopy has been used to obtain the hyperfine parameters of hafnium 
sodium salts of DTPA at pH 4, 8, 9 and 10 using radioactive 181Hf as probe nucleus. The samples were 
prepared by mixing proper amounts of solid DTPA, 181Hf-HfF4 in fluorhidric acid and sodium hydroxide 
2M. Once the salts decanted, the supernatant was removed and the wet salts were measured at room 
temperature.  
All the samples showed both dynamic and static interactions. The obtained hyperfine parameters, 
quadrupole frequency, asymmetry and the relaxation parameter are presented. Different behaviors were 
observed for the sample at pH 4 and the alkaline ones, indicating the possibility of 181Hf being bonded to 
different ligands depending on the pH. Among the samples at alkaline pHs can be observed a variation 
tendency in the hyperfine parameters, corresponding to slight changes in the DTPA molecule as the pH 
varies.  
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Zirconium tungstate _ZrW2O8  is a cubic compound with  three dimensional network of corner-linked ZrO6 
octahedra and WO4 tetrahedra.  Each WO4 has one  nonbridging W-O bond. ZrO6 occupy face centered 
positions in the unit cell. This system exhibits negative thermal expansion isotropically over the temperature 
range 4–1050 K.   Results of  181Ta  TDPAC  study in zirconium tungstate  imply  the occurrence of four 
distinct Zr sites.  It is interpreted that one site represents regular ZrO6 and the other three sites are associated 
with contracted and distorted ZrO6.  Effective decrease in Zr-O bond length is understood to be due to an 
increase in the fractions of ZrO6 octahedra which undergo contraction with temperature, thus explaining 
negative thermal expansion of the system [1].   Evolution of  structures of  ZrO6 octahedra  with isochronal 
annealing treatment has also been studied  in  zirconium tungstate  amorphized by the application of  a 
pressure of  5 GPa aiming at understanding pressure induced amorphization in the system [2]. 
 

 
Figure 1.    (a)  and (b)  correspond  to Time dependent anisotropy spectra obtained in  untreated reference Zirconium tungstate sample at 
300 K and  433 K respectively, while  Figs (c), (d)  and (e) refer to  time dependent anisotropy spectra  obtained in as pressure 
amorphized  and subsequent to annealing at 875 and 975 K  respectively.  Shown on the right hand side is the crystal structure of 
zirconium tungstate with ZrO6 tetrahedal and WO4 octahedral units. 
 
References: 
[1]  Atomic scale study of  negative thermal expansion  in  zirconium tungstate R. Govindaraj ,C. S. Sundar  and A. K. Arora,  
Phys. Rev. B76, 012104 (2007) 
[2] Studies of local structure at Zr sites in pressure amorphized zirconium tungstate R Govindaraj, C S Sundar and A K Arora, J. 
Phys.: Condens. Matter 21 (2009) 235402  
  

-0.2

-0.1

0.0

(c)

(a)

 

 

  

 

 

 

 

 

 

 

0 20 40
-0.2

-0.1

0.0

(e)   

 

0 2

 

 

 

 

(GHz)time (ns)

-0.2

-0.1

0.0

(d)

P(
) (

A
rb

. u
ni

ts
)

R
(t)

 

 

 

 

-0.2

-0.1

0.0

0.1

(b)

  

 

 

 

 

 

-0.2
-0.1
0.0
0.1

  

 

 

 

 

 

 

http://www.iop.org/EJ/search_author?query2=R%20Govindaraj&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
http://www.iop.org/EJ/search_author?query2=C%20S%20Sundar&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
http://www.iop.org/EJ/search_author?query2=A%20K%20Arora&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1


164 
 

PS3-14-87 
 

Structural Phase Transitions in a [Chloranilic Acid]-[2-Pyrrolidone] (1:2) Molecular 
Complex with Hydrogen-Bond Networks 

 
Shota Morikawa

1

, Teppei Yamada
1

, Ryuichi Ikeda
1

, Hiroyuki Ishida
2

, Hiroshi Kitagawa
1, 3 

 

1 
Kyoto Univ. Kitashirakawa Oiwake-cho, Sakyo-ku, Kyoto 606-8502, Japan, e-mail: morin@kuchem.kyoto-

u.ac.jp,
2 
Okayama Univ., 3-1-1, Tsushima-Naka, Kita-ku, Okayama 700-8530, Japan 

3 
JST CREST, 

Sanbancho 5, Chiyoda-ku,Tokyo 102-0075, Japan, e-mail: kitagawa@kuchem.kyotou.ac.jp  

Chloranilic acid has been widely studied as a proton donor forming hydrogen-bonds with various proton acceptors. 
Obtained complexes have been shown to have marked properties such as dynamic proton transfers, ferroelectricity, 
and so on.   

In the present study, we prepared a new chloranilic acid complex with 2-pyrrolidone in search for new solid 

properties by measurements of single crystal X-ray diffraction (SCXRD), 
35

Cl NQR, 
1
H NMR, and differential 

scanning calorimetry (DSC). Crystals of [chloranilic acid]-[2-pyrrolidone] (1:2) complex were obtained by slow 
cooling of an acetonitrile solution containing 2-pyrrolidone (pyrr) and chloranilic acid (H2ca). The crystals were 
identified by elemental analysis and SCXRD. In the structure, it was found that pyrr and H2ca molecules are 
connected by hydrogen–bonds and make up a one-dimensional chain structure with hydrogen-bond networks. The 
one-dimensional chains are stacked by π -π interactions in the crystals.  

On [H2ca][pyrr]2 crystals, we measured a temperature dependent 
35

Cl NQR lines and spin-lattice relaxation times 

by using a Bruker BioSpin AVANCEII system. Two 
35

Cl resonance lines were observed at room temperature (Phase 
I) in agreement with the SCXRD results. New four broad lines appear below 200 K (Phase II), where room-
temperature two lines still persist with a gradually decrease of intensities upon cooling down to 175 K. Below 175 K 
(Phase III), another two lines with equal intensities appeared in the high frequency side. When heated from 77 K, 
these two peaks were repeated up to ca. 200 K where only the low-frequency peak disappeared. The high frequency 
peak survived with no anomaly at 200 K up to room 
temperature (Phase Ia), where the structure was 
shown to be different from the original one. It is 
expected that Phase Ia is stable and Phase I is a 
metastable phase. We believe this transition is due to 
an incommensurate structure.  
  

Fig 1 Temperature dependence of 35Cl NQR frequencies (ν) upon cooling 
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The role of copper promotion as a promoter for iron-based Fischer-Tropsch catalysts has been extensively 
studied [1]. It has been observed that copper acts as a reduction promoter when activation is done in H2 [2]. 
Wachs et al. [3] studied the effect of copper and silver as promoters on iron-based Fischer-Tropsch catalysts 
(activated in H2) and observed that copper and silver did not show any effects on the performance of the 
iron-based Fischer-Tropsch catalyst, while others did observe an effect of copper in iron-based Fischer-
Tropsch synthesis [4]. Wachs et al. attributed their findings to the absence of the intimate contact between 
the copper and silver with iron in their studies. However, little is known on how copper affects the iron-
based Fischer-Tropsch catalyst when activated in CO or H2/CO. During Fischer-Tropsch synthesis when 
using iron-based Fischer-Tropsch catalysts a change in crystallite sizes and also various iron phases are 
observed. These observed variables are reported to influence the performance of the iron-based catalysts. 
Therefore, highly sensitive characterization techniques are necessary for thorough study of these changes. 
Herein, reported is our investigation directed towards the study of the copper promotional effect on iron-
based Fischer-Tropsch catalysts using copper ferrite (CuFe2O4) as a model system. The CuFe2O4 was 
prepared using a precipitation method, thereafter, characterised by the Mössbauer technique to determine the 
crystal structure of the CuFe2O4. Mössbauer spectroscopy was also used to the determine iron phases present 
in the copper ferrite system of the fresh copper ferrite, the material reduced in different atmospheres (H2, CO 
, H2/CO) and the material after use in the Fischer-Tropsch synthesis, in an attempt to understand the 
influence of the copper promotional effect.  
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Olivine (Fe, Mg)2SiO4 is a mineral with two crystallographically non-equivalent six-fold octahedral sites for 
Fe2+ and Mg2+ denoted as M1 and M2. These sites in olivine are occupied by Fe2+ and Mg2+ ions in different 
ways. The Fe–Mg distribution between two sites is of interest for mineral cooling history determination. 
Recently we demonstrated new possibilities in the study of ordinary chondrites and other meteorites using 
Mössbauer spectroscopy with a high velocity resolution [1–3]. In particular, in these works differences of 
hyperfine parameters for the M1 and M2 sites of olivine in bulk ordinary chondrites were revealed for the 
first time. In the present study olivine extracted from pallasite Omolon was investigated using Mössbauer 
spectroscopy with a high velocity resolution. Mössbauer spectra of olivine were measured using a 
spectrometric complex described in details elsewhere [4, 5] in 4096 channels at 295 and 90 K. Mössbauer 
spectrum of olivine at 295 K is shown in Fig. 1. This spectrum was fitted using superposition of two main 
doublets (1 and 2) and one minor doublet 3. Mössbauer hyperfine parameters for the minor doublet 
characterized ferric compound while those for the main doublets were correspondent to ferrous compounds 
with different values of isomer shift and quadrupole splitting. The 1st and the 2nd doublets were related to 
the 57Fe nuclei in the M1 and M2 sites, respectively. Mössbauer spectrum of olivine measured at 90 K was 
fitted using two main doublets related to the 57Fe nuclei in the M1 and M2 sites. It was found that 
quadrupole splitting values for the M1 and M2 sites simultaneously increased with temperature decrease 
while isomer shift values increased with temperature decrease in different way (Fig. 2). This fact may 
indicate differences in the second order Doppler shift and Debye temperature for the 57Fe nuclei in the M1 
and M2 sites of olivine. 
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Fig. 1. Mössbauer spectrum of olivine 
from Omolon meteorite. T=295 K. 

 

Fig. 2. Mössbauer hyperfine parameters for 57Fe in the M1 sites () and 
M2 sites () of olivine from Omolon meteorite: quadrupole splitting (a) 
and isomer shift (b) vs. temperature. 
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1,4-benzoquinonedioximes are known for their use in industry and other applications[1]. They are effective 
non-sulfur vulcanizing agents for natural and synthetic elastomers. Additionally, their metal complexes have 
generated significant industrial and theoretical interest. This study examines the 14N NQR data for a series of 
1,4-benzoquinone-dioximes: unsubstituted, mono-, di- and tri-methyl substituted. The results show that as 
more methyl substituents are added to the ring a shift in the NQR values are observed. Comparison of 
unsubstituted and tri-substituted benzoquinonedioximes (Table 1) shows that the quadrupole coupling 
constant ( ) increases by about 1000 kHz and the asymmetry parameter ( ) decreases from  0.7 to 0.3.  
Ab-initio calculations show that for the unsubstituted compound hydrogen bonding between oxime groups 
and pi-ring stacking is possible which cannot be accommodated for in heavily methyl substituted dioximes 
and this is responsible for the differences in the NQR parameters.  
 
Table 1: 14N NQR data for the 1,4-benzoquinonedioximes 
 

Compound 0 
(kHz) 

- 
(kHz) 

+ 
(kHz) 

 
(kHz) 

 
 

1,4-benzoquinone 
dioxime 

1654 
1654 

2673 
2712 

4360 
4360 

4689 
4715 

0.706 
0.702 

trimethyl-1,4-
benzoquinonedioxime 950 3750 4700 5633 0.337 

 
Double resonance cross relaxation [2] was used to record the 14N NQR data. The ab-initio calculations were 
performed using GAMESS [3]. 
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57Fe Mössbauer absorption spectra and FTIR spectra were recorded for archaeological pottery samples 
obtained from the excavated site of Nedungur [Lat.10° 57’N; Long.77°51’E]. The physical and chemical 
state of iron (Fe2+/Fe3+) and iron oxide phases obtained using Mössbauer spectra were used to establish the 
temperature and atmosphere of firing and also to correlate the color of the sample. The clay mineral type and 
its structural deformation due to firing were established using Fourier Transform Infrared spectra. The 
mineral types and domain states of the constituent magnetic fine particles were elucidated using variation of 
susceptibility at various frequency and temperature under low field. An attempt has also been made to 
correlate the magnetic parameters from the percentage of Fe2+/Fe3+ and iron oxides.  The information 
obtained paves a way for a better understanding of the technological development that took place in the 
ancient past and also the suitability of the samples for determination of reliable ancient geomagnetic field 
intensity values. 
 

Keywords: FTIR, XRD, Mössbauer, Magnetic properties, Pottery shreds. 
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Mössbauer Spectroscopy is extremely sensitive to minute changes in the chemical environment and provides 
a means of investigating the chemical states in which atoms reside with incredible resolution. Since iron is 
common in virtually all clays, Mössbauer spectroscopy provides a method to analyse many of the chemical 
states within ceramics. This technique has become an increasingly useful tool to archaeologists and also 
questions related to the provenance and manufacture of ancient pottery. For the present study, the 
archaeological pottery samples from Modur (Lat 12º 13’N; Lon 78º 10’E) and Andipatti (Lat 12º 13’N; Lon 
78º 44’E), Tamilnadu, India, have been subjected to Mössbauer spectroscopic and mineral magnetic 
measurements. A knowledge of the state of the iron in fired potteries, under which conditions, it was fired, 
like the firing temperature, the oxidizing or reducing character of the kiln atmosphere and colouring 
mechanism has been well established. Rock magnetic measurements have also been carried out in order to 
identify the magnetic minerals present, which are responsible for the record of ancient geomagnetic field 
intensity. From the suitable samples the paleointensity values are estimated. 
 
Keywords: Mössbauer, Magnetic properties, Pottery shreds 
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Pitchblende as the micro/cryptocrystalline uraninite, normally UO2+x, is common U4+ mineral species, and is 
the main ore mineral in the hydrothermal U deposits. Pitchblende always contains certain amount U6+ in the 
formula of UO2+x, where x reaches the maximum value as 0.25. The investigation shows that the mineral 
composition varies as the lodes formed at different stages and changes outwards from the center of the lode. 
It also indicates that sulfur/H2S and the ferrous minerals may play an important role as a reducer in the 
deposition of the pitchblende from uraniferrous solution where the uranium migrates mainly in the form of 
various U6+ compounds. So, the pitchblende deposition is considered to be a reduction – oxidation process 
between U6+-bearing solution and the rock as diabase is enriched in ferrous minerals. 
In general, the iron-bearing minerals with different valence charge could be distinguished macroscopically 
by their colors. However, it is quite difficult when the iron-bearing minerals are in small amount and highly 
dispersed, such as the wall rock alteration. In such a circumstance, Mossbauer spectroscopy is of great 
advantages compared to other methods because of its sensitivity for distinguish the valence of iron. 
Samples were collected from different zones (the pitchblende lode, the chloritized alteration zone and the 
weakly altered diabase) at a uranium deposit (Fig. 1). Fig. 2 shows the Mossbauer spectra of these samples, 
where a ~ f corresponding to the sites labeled in Fig 1. Based on the Mossbauer spectra, the main iron 
mineral in the lode is pyrite, and in the altered zone there is less pyrite relative to that in the lode. There are 
more original minerals in weakly altered diabase zone. The difference among these three zones originates 
from the difference of rock alteration. The alteration decreases according to the increase of distance to the 
center of the lode, from pyritization to chloritzation gradually. The ratio of pyrite decreases with increasing 
distance to the lode center, while altered ripidolite is most abundant in the altered zone of chloritization. 
 
 

 
  

 

Fig 2. Mossbauer spectra of samples 
from various sites. 

 

Fig. 1. Sketch of sampling sites. 
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Among about 50 examples of a -phase (tetragonal unit cell - structure type D14
4h P42/mnm) known to exist 

in binary alloy systems the one in FeV is of particular importance due to a wide composition-temperature 
range in which  can be formed as well as to the strongest magnetism it shows [1]. The former offers 
favourable conditions for investigation of compositional dependence of various physical properties as well 
as testing various theoretical models.  
This contribution reports on Debye temperatures, D, determined from a temperature dependence of the 
average centre shift, based on the Debye model, for a series of the -phase Fe100-xVx samples with            
34.4  x  59.0. As displayed in Fig. 1, D(x) dependence is not monotonous, but two minima – one at x  
40 and the other at x  48 – and a maximum at x  43 are observed. Such behaviour and the fact that the 
amplitude of a change in D reaches 40% is unexpected and it is quite puzzling. The behaviour will be 
discussed in a context of influence of composition of other physical properties characteristic of the samples 
such as Curie temperature, average isomer shift and average magnetic moment per Fe atom. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 (a) Dependence of the Debye temperature, D, on vanadium concentration, x, and  (b) on the lattice constant, a. 
Open symbols stand for policrystalline and open ones for nanocrystalline samples. Triangles in (a) represent D for -
FeCr alloys. 
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3d-metal doped MgO has been suggested as a model system for dilute magnetic semi-conductors [1]. 
However, the physics of 3d-metal impurities is poorly understood [2,3]. We present an 57Fe emission 
Mössbauer study on dilute Fe impurities in single-crystalline MgO (77 – 649 K) following implantation of 
radioactive 57Mn+ (T½ = 85.4 s) at the ISOLDE facility at CERN. Due to the recoil imparted on the daughter 
57*Fe atoms in the β--decay ( RE 40 keV) interstitial 57mFe atoms are created. Figure 1 shows the central 
part of the measured Mössbauer spectra at different temperatures (see [3] for details). At low temperatures 
the central part is dominated by an asymmetric quadrupole doublet (red) assigned to Fe in heavily 

damaged/amorphous regions caused by the implantation. At 
high temperatures the spectra are dominated by a single line 
(pink) assigned to Fe2+ on substitutional Mg sites. During the 
fitting procedure a single line had to be introduced, the line 
of interest her, which is attributed to interstitial Fe (blue). 
The wings of the spectra show a magnetic sextet structure 
assigned slowly relaxating Fe3+ (green); more details of this 
component are described elsewhere [4]. The interstitial line 
exhibits a broadening at elevated temperatures which can be 
associated with diffusional jumps of interstitial Fe on the 
time-scale of the decay lifetime of the Mössbauer state      
(140 ns). A diffusion coefficient of D = 1.4(3)×10-9 cm2/s at 

300 K is thus obtained. This value is orders of magnitude 
higher than suggested for vacancy-assisted Fe diffusion in 
MgO [5]. However, there is experimental evidence for a fast 

diffusion of 3d-metal impurities in MgO [2,3]. The Mössbauer parameters of the interstitial Fe are in good 
agreement with theoretical calculations for interstitial Fe atoms is located at the face of the rock salt fcc 
MgO crystal structure.  
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Fig. 1. Central part of the measured Mössbauer 
spectra at the temperatures indicated. 
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Radioactive 57Mn (T½ = 1.5 min) has been implanted into Al2O3 single crystals held at 110 – 666 K at the 
ISOLDE facility at CERN. Mössbauer emission spectra were measured on the 14.4 keV γ-rays of the 
daughter 57*Fe nucleis. The analysis of the obtained Mössbauer spectra reveals four spectral components 
listed below (see Fig. 1) assigned as follows: 

Dam: A quadrupole-split component assigned 
to Fe2+ in heavily damaged, possibly 
amorphous local environment created in the 
implantation process. S1: A single line due to 
Fe in cubic environment. The properties of this 
line are inconsistent with interstitial Fe; it is 
suggested to originate from Fe in nano-
precipitates of -Al2O3. D1: A quadrupole-split 
component, which, on the basis of the 
hyperfine parameters and temperature 
dependence, is suggested to be due to Fe4+. 
Sex: A Fe3+ magnetically-split sextet 
component showing slow paramagnetic 
relaxation. Analysis of the line broadening of 
this sextet component with the method 
described in [1] shows it to be compatible with 
(slow) spin-lattice relaxations. In-depth 

argumentation for the assignments of components will be presented and discussed together with comparison 
to supportive data obtained previously from stable 57Fe [2] and radioactive 57Co implantations [3]. 
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Fig. 1. 57Fe Mössbauer spectra recorded after implantation of 57Mn 
into Al2O3 single crystals held at the temperatures indicated. 
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Fig. 1. Mössbauer spectra obtained after implantation of 
57Mn* in GaAs and GaP, at temperatures indicated. The solid 
lines show the different fitting components and their sum. 
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Ion implantation provides a precise method of incorporating dopant atoms in semiconductors, provided 
lattice damage due to the implantation process can be annealed. We have undertaken 57Fe Mössbauer 
spectroscopy measurements on GaAs and GaP single crystal samples implanted with radioactive 57Mn+ ions 
(T½ = 1.5 min) at the ISOLDE facility, CERN.  The samples were held at temperatures between 77 – 700 K 
in an implantation chamber and implanted with fluences up to 1012 ion/cm2. Mössbauer spectra were 

recorded with a resonance detector equipped with 
stainless steel electrodes enriched in 57Fe and mounted 
on a conventional velocity drive system outside the 
chamber. The fitting of the measured Mössbauer spectra 
required four components (Fig. 1): (i) an asymmetric 
doublet  (D1) attributed to Fe atoms in distorted 
environments due to implantation damage, two single 
lines: (ii) S1 assigned to Fe on substitutional Ga sites, 
(iii) the other (S2) to Fe in interstitial sites, and (iv) a 
low intensity symmetric doublet (D2) assigned to 
impurity-vacancy complexes.  
At temperatures above 400 K, the extracted hyperfine 
parameters of the damage site for both materials show 
pronounced variation, evidencing changes in the 
immediate environment of the Mössbauer probe nucleus 
and also possibly to the Fe-defect bonding mechanism. 
Fig. 2 shows 
the variation 
in site 
fractions with 

temperature. The annealing of the radiation damage is more 
pronounced in GaAs as compared to GaP and more will be 
discussed in detail during the presentation. 
  

 0 100 200 300 400 500 600 700

0.0

0.2

0.4

0.6

0.8

1.0

 D1
 D2
 S1
 S2

Dotted Line - GaAs
Solid Line   - GaP

 
 

A
re

al
 F

ra
ct

io
n

T (K)
Fig. 2. Comparison of areal fractions of 
the different spectral components as a 
function of temperature in GaP and 
GaAs. 

T (K) 

A
re

al
 F

ra
ct

io
n 

mailto:hilary.masenda@physics.org


175 
 

PS3-25-22 
 

Study of Nanosized Magnetic Materials by SEDM Technique 

V.G.Semenov,1 V.V.Panchuk1, S.M.Irkaev2 

1 Dept. Chemistry, St.Petersburg State University Universitetskii pr.26, 198504 St.Petersburg, Russia Presenting 
author: val_sem@mail.ru  

2 Institute for Analytical Instrumentation RAS, Rishgski pr.26 190103 St.Petersburg, Russia,  
e-mail:sobir_irkaev@mail.ru 

 
Magnetic properties of nanostructure materials show the high variety and considerably differ from a 

massive one [1]. Before 40 years ago the main techniques for studying dynamics processes involved in 
interaction of nucleus with electron shell have been nuclear magnetic (NMR) and electron spin resonance 
(ESR). The Mössbauer spectroscopy technique, owing to its high sensitivity to hyperfine interaction 
between the nucleus and its environment, has greatly extended the range of substances that can be 
investigated, and in certain cases has become a unique method for studying these phenomena. Most of 
experiments that used Mössbauer spectroscopy to study various dynamic processes (e.g., diffusion, 
paramagnetic, spin-spin, spin-lattice relaxation, etc.) were done in the conventional transmission geometry. 
This technique is simple enough, but, in some applications it leads to difficulties in resolving the 
contributions from dynamic processes to the total spectrum. For example, in the case of slow relaxation the 
transmission spectrum is characterized by line broadening only. However, the broadening may be caused 
also by multiphase effects, unresolved hyperfine electric and magnetic interactions that lead to an ambiguity 
in spectrum interpretation. These problems may be solved through application of selective excitation double 
Mössbauer effect (SEDM) technique [2]. The Mössbauer spectrum measured in this case bears information 
on solid-state processes that occur during the nucleus lifetime: if within this time the nucleus manages to 
exchange energy with its environment, the energy of the re-emitted gamma-quantum will differ from that of 
the gamma-quantum exciting the nucleus. The SEDM technique, by its potential possibilities, can be 
powerful method of investigation of relaxation processes in solids. The method gives the unique possibility 
to obtain direct evidence for occurrence of relaxation and also to determine qualitative and quantitative 
characteristics of the processes even in situation where Mössbauer spectra are essentially broadened by other 
physical reasons.  

Capabilities of SEDM technique in the investigation of magnetic properties of small particles are illustrated by the 
analysis of magnetite nanoparticles (Fe3O4) and aluminosubstituted goethite system Fe(1-x)AlxOOH. 
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We have employed the in-beam time differential perturbed angular distribution (TDPAD) technique to study 
the effects of finite lattice size on local magnetism and Kondo interaction of single Fe impurity in metallic 
hosts. In this direction, we have measured local susceptibility and 3d spin relaxation rate of recoil implanted 
54Fe nuclei, produced by the fusion evaporation reaction 12C(45Sc,p2n)54Fe, in bulk and nano-crystalline Cu 
and Ag hosts. The nanocrystalline were prepared by DC-magnetron sputtering technique [1] and were 
characterized by X-ray diffraction and electron microscopy measurements. The TDPAD measurements were 
carried out the 14-MV tandem accelerator at TIFR, Mumbai. The 10+ isomeric state in 54Fe with T1/2=360 
ns, gN = 0.728 was used as nuclear probe for the detection of static and dynamic magnetic response of Fe in 
the hosts under investigation. Fig. 1 displays the local susceptibility of Fe defined as -1 = ( L/gN NBext) -1 
measured as a function temperature. Here, L is the Larmor frequency and Bext is the external magnetic 
field applied. The measured (T), in all the hosts studied; show Curie-Weiss temperature dependence from 
which the Fe magnetic moment and TK could be extracted. A comparison of the (T) results for the 
nanocrystalline hosts visa vie their bulk counterparts, clearly indicate a strong influence of lattice size on Fe 
magnetism, especially the Kondo temperature TK. While, size reduction for Cu increases the Fe moment 
with a concomitant reduction of TK, the effect is opposite in nanocrystalline Ag hosts. 
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  Fig 1: Local susceptibility of Fe in bulk and nanocrystalline Cu and Ag hosts. 
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The current technological necessities are compelling some fields of research to provide/study new nanostructure 
architectures that in the near future will fulfill the low cost, high performance and environmentally friendly 
paradigm. In fact, the research in metal-metal or metal-oxide nanostructures, in particular in Hf and Zr metals 
and their oxides, is being pushed by the prospect of application in several areas ranging from energy conversion 
and storage, catalysis to microelectronics [1-3]. One of the most prominent examples is observed in 
microelectronics where metal/HfO2 structures are being studied as poly-Si/SiO2 junction replacers in metal–
oxide–semiconductor field-effect transistors [2]. Insight in metal/metal and metal/oxide interdiffusion/oxidation, 
upon annealing treatments, is of major importance for the mentioned technological applications [3]. Those 
insights can be obtained by local probe techniques such as perturbed angular correlations (PAC) that can provide 
detailed information at a nanoscopic level. In this work the PAC technique is used to locally monitor the 
oxidation or possible interdiffusion processes in a Zr/Hf/Zr nano-heterostructure. This trilayer was prepared by 
the electron gun thermal evaporation method on a SiO2 substrate. In order to perform PAC measurements with 
the 

181

Hf probe the system was neutron irradiated. The measurements were performed for different annealing 
times and temperatures, up to 780 K. The changes on the Hf local environment arising from the oxidation or 
interdiffusion processes were followed by the evolution of the EFG parameters of the Hf-metal, HfO2 and oxygen 

deficient HfO2-x regions (see fig 1). It was observed 
that the Hf layer is oxygen free for temperature below 
619 K. The measurements also indicate that at 619 K 
first a thin layer of HfO2-x emerges at the Hf surface 
and then a nanostructured HfO2 layer continually 
grows at the expense of the Hf metal-component. 
Moreover up to 780 K no Hf (or Zr) interlayer 
diffusion was observed.  
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Figure 4 Time dependence of the fraction of the probes 
interacting with the different local environments at 619 K. 



178 
 

PS3-28-39 
 
 

Characterization of nanostructured HfO2 films using Perturbed Angular Correlation 
(PAC) technique  

 
Fabio Henrique de Moraes Cavalcante1, Maria Ribeiro Gomes1, Artur Wilson Carbonari2, Luciano Fabrício 

Dias Pereira2, Daniel de Abreu Rosseto2, Luís Manuel Redondo1, José Mestkik-Filho2, Rajendra Narain 
Saxena2, and José Carvalho Soares1 

 
1Centro de Física Nuclear da Universidade de Lisboa (CFNUL), Lisboa, Portugal 

fabiohmc@cii.fc.ul.pt 
2 Instituto de Pesquisas Energéticas e Nucleares (IPEN-CNEN/SP), São Paulo, Brasil 

 
After three decades mainly SiO2 was used as a gate dielectric in the silicon based CMOS (complementary-
metalOxide-semiconductors) technology, and since integrated circuits are getting continuously smaller, the 
use of SiO2 is facing its technological limits. High-k materials substituting the SiO2 are currently under 
intense R&D to face the down-scaling process including the present CMOS technology. The basic idea is to 
find a material with a higher dielectric constant than that of SiO2, which is compatible with the present Si 
technology. Hafnium dioxide (HfO2) is an excellent candidate for gate dielectric in silicon transistors due to 
its high chemical stability, excellent dielectric properties (k ≈ 23) and mechanical hardness. Even though 
significant efforts have been dedicated to the investigation of Hf based gate dielectric material systems, key 
issues like bulk and interface oxygen diffusion, charge trapping, still lack a complete understanding when 
the target is a long-term operation of HfO2 based devices. Those studies are not focuses only in potential 
applications but are concerned also with fundamental physics problems. Crucial insight in the physics of 
these systems can be achieved only by atomic scale studies with direct measurements on the local structure 
and electronic environment. This work will report the investigation on HfO2 nano-films using Perturbed 
Angular Correlation (PAC) technique, where the presence of hafnium in the film assures the possibility of 
using 181Ta as probe. The HfO2 nano-films with different thicknesses were deposited on Si substrates using 
an electron beam evaporation process. The results will be discussed in terms of the physics underlying the 
local environment on the scale of a few atomic lengths monitoring microscopic regions. 
 
 
 
 
 
  

mailto:fabiohmc@cii.fc.ul.pt


179 
 

PS3-29-65 
Temperature dependent studies of Zinc nanoferrite synthesized by spray pyrolysis 

 

Jacob Mathew M ,1 Jess jacob1, Vinod V2 

 
1 Dept. of Physics, S.B.College, Changanacherry, Kottayam-686103,India, e-mail: jacob.chrisdale@gmail.com  

2 S.B. College of Engineering, Pathanamthitta ,Kerala ,India, e-mail: vvinodteacher@yahoo.com2 
 
Spinel ferrites –both in bulk and nanoform-have wide applications in modern world. Wide range of 

methods has been used to synthesis nanostructure spinel ferrites. We herein report the synthesize and 
Mossbauer study of unagglomerated, nanosized zinc ferrite prepared at moderately low temperature using 
spray technique. The process involves preparation of polymer precursor by taking high purity zinc nitrate 
(Merck), ferric nitrate (Loba) and Polyvinayl Alcohol (PVA), all in aqueous form, as starting materials [1]. 
The Zn:Fe molar ratio was kept at 1:2. The resulting viscous mixture of PVA metal nitrates is spray dried 
around 130 oC to obtain a fluffy powder. The fluffy black powders were subsequently heat treated at 
temperatures 250oC, 350oC, 450oC and 550oC for 20 minutes. The as-synthesized nanoparticles of ZnFe2O4 
were characterized by X-ray (λ =1.5406Å), Transmission electron microscope (TEM), EDAX, Vibrating 
Sample Magnetometer (VSM) and Mossbauer spectrometer. The grain size of the nanoferrite is determined 
using Scherrer’s formula. To understand the effect of temperature on particle size , we have sintered samples 
at different temperatures. The particle sizes and Mossbauer parameters are shown in table. The average 
particle size varies from 13 to 35 nm as the sintering temperature increases from 250oC to 550oC.The lattice 
parameters are almost constant at a value of ~8.44nm.The Mossbauer spectra of all the sintered samples 
show a single doublet. The doublets are attributed to the presence of superparamagnetism in the sample. 

  
 Fig.1 Representative XRD and Mossbauer patterns of the ZnFe2O4 samples   
  
 
 
 
 
 
 
 
 
[1] P Pramanik, Chemical synthesis of nanosized oxides. Bull. Mater. Sci.,19,957(1996).  
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Perturbed angular correlation (PAC) method was applied to study the electric field gradients in nanopowders 
of the HfAl2, HfAl3 and Hf2Al3 intermetallic compounds, obtained via mechanical alloying or after ball 
milling of the thermally alloyed compound. The influence of the ball milling procedure on the 
experimentally obtained hyperfine interaction parameters was determined. A strong dependence of the PAC 
pattern on the milling time was evidenced and attributed to the structural disorder. The thickness of the outer 
damaged part of the grains depends on the crystallographic structure of the milled material. In HfAl3 sample, 
we observed the influence of the milling procedure on the phase transformation. The mechanical alloying 
process causes serious and stable damage in the powder particle of HfAl2 sample, these defects cannot be 
removed by annealing up to 900oC. In the Hf2Al3 sample after 60 minutes of milling and subsequent 
annealing at 700oC, the decomposition of Hf2Al3 into two phases HfAl and HfAl2 was observed. The 
quadrupole frequency distribution  increased with decreasing grain size (see Fig. 1.).  
 
 
 
  

 

Fig. 1. The milling time dependence of the 
grain size and  distribution for HfAl3 and 
Hf2Al3 samples.  
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Laser deposition is a very useful technique to produce films, which is applied in many fields. We have 
previously reported the study on iron carbide films produced by laser deposition of iron in a C2H2 
atmosphere. Iron carbide films with various Fe/C composition ratios were produced by varying the pressure 
of a C2H2 atmosphere and the substrate temperatures during deposition [1]. Here, we report the laser 
deposition of iron onto amorphous graphite substrates in order to produce Fe/C species with excess amount 
of C atoms. The Fe/C products were studied using Mössbauer spectroscopy, X-ray diffraction (XRD), and 
scanning electron micro spectroscopy SEM. 
Laser light from a YAG laser (532 nm) was focused by a convex lens onto the target 57Fe metal block. 
Laser-evaporated Fe atoms were deposited on a graphite substrate. The temperature of the substrate was 
maintained at the desired temperature (300–600 K range) using a resistive heater. One pulse of laser ablation 
produces 4 x 10-9 mol of Fe atoms, and the amount of the laser-deposited Fe was controlled by varying the 
number of laser pulses. Mössbauer spectra of the Fe/C on the graphite substrates were measured at room 
temperature in a transmission geometry using a 57Co/Rh source. 
Laser depositions of Fe were performed while the temperature of the graphite substrates was kept at 570 K, 
and their Mössbauer spectra are shown in Fig. 1. The amounts of Fe deposited on the graphite substrates are 
indicated as equivalent thickness of -Fe. Laser evaporated Fe 
atoms have high translational energy (several hundreds eV) 
and reacts with graphite to form Fe/C compounds. The 
Mössbauer spectrum of the sample with a small amount of Fe 
(10 nm) was fitted into a combination of two sets of sextets 
and a doublet. The sextets were assigned to cementite Fe3C 
and -Fe, and the doublet (  = 0.3 mm/s, EQ = 1.1 mm/s) 
was assigned to amorphous iron carbide. The intensity ratio of 
the sextet absorption of Fe3C was approximately 3:4:1:1:4:3, 
which indicates that the nuclear spin orientation of Fe3C is 
parallel to the substrate surface. Increasing the amount of Fe 
(25 nm), the yields of -Fe increased as it may produced on 
the top of Fe/C surface. Similar experiments were performed 
at lower temperature at 300 K, and the yield of amorphous 
Fe/C was enhanced, while Fe3C decreased. 
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Fig. 1. Room-temperature Mössbauer 
spectra of the Fe/C produced by laser-
deposition of Fe onto amorphous graphite 
substrates at 570 K. The amounts of Fe are 
indicated in the figure as equivalent 
thickness of -Fe. 
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Hafnium oxide is one of the new dielectric materials that is likely to replace silicon dioxide in 
semiconductor industry because of its excellent physical and chemical properties. Obtaining detailed 
information about this material, such as defects in the crystal lattice is quite important because they can alter 
its macroscopic characteristics thus changing it from a dielectric in to a semiconductor material with 
magnetic properties. In the present study we have used PAC technique to measure the hyperfine interactions 
in nanostructured samples of HfO2 using 181Hf-181Ta nuclear probe. Samples of HfO2 were prepared by the 
well known sol-gel method to obtain nanostructured material. After gel formation, samples were calcined at 
320ºC in air. The samples were characterized by x-ray diffraction (XRD), scanning electron microscopy 
(SEM) and energy dispersive x-ray spectroscopy (EDS), where the crystal structure, morphology and grain 
size were determined. The results showed a unique phase with monoclinic structure of HfO2. The particle 
diameter was found to be in the range 30-40 nm. The samples were irradiated at the IEA-R1 reactor at IPEN 
with thermal neutron flux Φ = 5x1013 n.cm-2.s-1 during 10 hours to produce 181Hf through (n, γ) reaction on 
180Hf. After neutron irradiation the samples were annealed at temperatures which varied between 400 C and 
900 C in vacuum, in air and in nitrogen atmosphere. PAC measurements were performed at room 
temperature after each annealing procedure. The results show the presence of two different electric 
quadrupole interactions. One of these interactions, with a well-defined frequency q ~ 780 MHz and η ~ 0.4 
was assigned to the probe nuclei substituting regular Hf sites in the HfO2 structure. The other interaction 
with highly distributed frequency q ~ 1000 MHz and a smaller fraction, which varied with the annealing 
temperature, was associated with the probe nuclei occupying sites with structural defects near the surface of 
the nanoparticles.  
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It has been recently published [1] that some commercial zircons exhibit, at nanoscopic scale, hyperfine 
interactions without associated x-ray diffraction signals which have been assigned to aperiodic regions 
within the crystalline lattice. 
It is known that zircon is a material often used in the ceramic industry due to its good refractory properties. 
Within this research field, zircon-mullite ZrSiO4-(3Al2O3.2SiO2) composites of different compositions have 
been studied from the mechanical point of view [2]. 
In this work the Perturbed Angular Correlations technique has been applied to investigate the 
nanoconfigurations content in (ZrSiO4) (1-x)-(3Al2O3.2SiO2)x composites being x=15, 25, 35 and 45% wt. 
Preliminary results indicate an important discrepancy between Rietveld analyses and PAC relative fractions 
determined in the studied composites (see figure 1). 
The aim is to enlighten ceramic designers about the existence of nondiffractant portions in the material that 
could play some relevant role in the refractory performance. 

 
 
 
Figure 1: Relative fractions determined by XRD (full symbols) and 
PAC (open symbols) for the different composites. Squares represent 
Zircon and circles stand for ZrO2. 
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Cobalt and nickel ferrites containing nanoparticles dispersed in silicon (Si) oxides were prepared via a 
polymeric precursor derived from the Pechini method [1]. The samples were characterized by X-ray 
diffraction (XDR), Mössbauer spectroscopy (MS), vibrating sample magnetometry (VSM) and N2 
adsorption/desorption isotherms (BET).  Therefore, investigations using XRD revealed that the spinel 
structure of CoFe2O4 (JCPDS 02-1045) and NiFe2O4 (JCPDS 44-1485) phases were formed and the 
crystallite sizes of the samples were calculated from the XRD patterns using the Debye–Scherrer formula 
and the calculated results indicate that the resultants are the nanometer-sized crystalline powders. 
Nevertheless, Mössbauer spectra revealed that the spinel structure of nickel and cobalt ferrite besides the 
presence of γ-Fe2O3. On other hand, Mossbauer spectroscopy measurements at 300 K show that 
nanoparticles are in the superparamagnetic regime being completely blocked at 4.2 K. The 
superparamagnetic relaxation due to maghemite and ferrites particles was also observed from magnetization 
measurement at 300 and 50 K. 
Furthermore, Brunauer–Emmett–Teller analysis shows that the ferrites has a high surface area between     
439 and 346 m2g−1 and Barrett–Joyner–Halenda method exhibit a narrow pore size distribution, with the 
majority of the porous diameter located in the range of 16 to 238 Å characteristic of mesoporous materials.  
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Nanosized spinel-type ferrites are key materials for advancements in electronics, magnetic storage and 
ferrofluid technologies as well as bio-inspired applications.  Magnesium ferrite, MgFe2O4, is an 
important member of the spinel family: apart from its extensive magnetic and electronic applications, 
it is used in heterogeneous catalysis and adsorption, and sensor technology.  Mechanosynthesis is a 
powerful method for the production of novel, high-performance, and low-cost nanomaterials [1].  
 
The evolution of nanocrystalline MgFe2O4 by high-energy milling a mixture of MgO and -Fe2O3 has 
been investigated by Mössbauer spectroscopy and X-ray powder diffraction [2]. High resolution TEM 
has confirmed the ordered nature of the inner core of nanoparticles surrounded by a disordered surface 
shell/interface region as concluded from analyses of zero and applied field spectra [2]. Neutron 
diffraction measurements have been carried out (SPODI, FRM-II) on a series of 7 samples of MgO 
and -Fe2O3 milled for periods of 0.25 h to 12 h. This has enabled details of the transformation of the 
initial crystalline MgO and Fe2O3 phases via intermediate states to the final nanocrystalline 
mechanosynthesised MgFe2O4 product to be investigated.  A comparison of the findings from the 
complementary Mössbauer effect and neutron diffraction studies will be presented.  
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Carbon nanotubes (CNTs) possess unique mechanical and electronic properties suitable for fabricating the 
nano-scale building blocks of nanodevices. Such nanoscale magnetic materials may be used in spin-
dependant electronic devices and magnetic data storage. Because small particles depend strongly on the size 
[1], the control of their size and shape is indispensable for advance applications. In this study, MWCNTs 
synthesized by chemical vapor deposition (CVD) technique are investigated with synchrotron radiations at 
Pohang Light Source (PLS), Korea. Near edge x-ray absorption spectroscopy (NEXAFS) measurement at C 
K, Co L3,2  and Fe L3,2–edges, and x-ray magnetic circular dichroism (XMCD) at Co and Fe L3,2 –edges 
have been carried at 7B1 XAS KIST and 2A MS beamline respectively to understand the electronic structure 
and responsible magnetic interactions at room temperature. X-ray absorption spectroscopy (XAS) at C K-
edge shows significant p-bonding and Co and Fe L-edges proves the presence of Co2+ and Fe2+ in octahedral 
symmetry. Fe and Co doped MWCNTS shows good XMCD spectra at 300K. The effect on the magnetism is 
also studied through soft heavy ion (SHI) radiations and magnetism is found enhanced [Fig.1] and change in 
the electronic structure in Co-CNTs is investigated. 
 

  
Fig. 1: Showing XMCD spectra for MWCNTs at room temperature. 
(a) Co L3,2 -edge for un-SHI and SHI (O 1e13 ions/cms2). SHI 
spectra intensity is multiplied 9 times for comparison. (b) Fe L3,2 –
edge spectra for un-SHI and SHI (O 1e13 ions/cms2). 
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 The Many-Body Perturbation Theory (HFMBPT) procedure using Hartree-Fock Hamiltonian as zero order, 
and handling its difference from the actual Hamiltonian for atomic systems as a perturbation, has been 
extensively applied in the latter part of the last century to an extensive number of atoms, using non-
relativistic theory for light atoms and fully relativistic Dirac theory for heavier atoms to study hyperfine 
interactions and a number of other properties with excellent agreement with experiment.   
 Unfortunately due to the multicenter nature of molecular and solid state systems, the wave-functions for the 
ground and excited states needed to carry out many-body perturbation theory investigations cannot be 
obtained by solving one dimensional radial equations in Hartree-Fock theory in atoms and so variational 
methods have to be adopted. We have tested two current methods, namely the variational Hartree-Fock 
many-body perturbation theory (VHFMBPT) method which is the logical successor to HFMBPT for atomic 
systems and the variational density functional theory (VDFT), which uses a chosen exchange-correlation 
interaction potential between the electrons in the Hamiltonian for the system.  
 We have, made applications of the VHFMBPT and VDFT methods to study the magnetic hyperfine 
constant A in the spin Hamiltonian A I·S, where I and S are the nuclear and electronic spins in the atom, in 
phosphorous and lithium and made comparisons with experiment and the results from the accurate 
HFMBPT procedure. For phosphorous, the HFMBPT procedure leads to direct (D), exchange core 
polarization (ECP), and many body(MB) contributions to A of  0.0, -62.4 and 112.3 MHz, totaling 49.8 
MHz as compared to 55.055 MHz from experiment, the difference having been ascribed to relativistic 
effects which are currently under investigation. The VHFMBPT results for (D+ECP) and MB are -37.4 and 
72.6 MHz totaling 35.2 MHz, the trends among the various contributions being the same as in HFMBPT. 
For the VDFT approach using the (B3LYP) procedure, only the total value of A of -11.2 MHz is obtained 
from the currently available program, differing from experiment and the other two theoretical results in sign 
and with substantially lower magnitude. For lithium, the HFMBPT and VHFMBPT contributions have 
similar trends and the total agrees with experiment very well for HFMBPT and is somewhat smaller in size 
for VHFMBPT. For VDFT the total result is substantially larger than experiment. Suggestions will be made 
for improvements in the VHFMBPT and VDFT results.  
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Multiple-pulse method is one of the most effective and promising high-resolution nuclear quadrupole 
resonance (NQR) techniques for the study of solids. This method is very effective in the study of the spin 
lattice relaxation processes due to a slow atomic motion. Usually the theoretical description of multiple-
pulse experiments both in NMR [1] and NQR [2] is based on the construction of the cyclicity effective time 
independent Hamiltonian by using the conditions for periodicity and cyclicity of the pulsed action. Then the 
dynamics of a spin system subjected by pulsed RF fields is presented in an equivalent form as the motion of 
nuclear spins in a constant effective field [3]. The magnitude and direction of this effective field are 
determined by parameters of the multiple-pulse sequence. An experimental measurement of the value of the 
effective field is important for the confirmation of this theoretical model.  It is reasonable to suggest that an 
additional field with a low frequency close to resonance one in the effective field should cause resonance 
absorption of energy.  
     Indeed, we have observed multi-frequency resonances in polycrystalline KClO3 irradiated simultaneously 
by a multiple-pulse radiofrequency sequence and a low frequency field swept in the range 0 - 80 kHz [4].  
     In the present paper we studied experimentally resonance transitions in the nuclear spin system of 
polycrystalline KClO3 subjected by a simultaneous action of a multiple-pulse RF sequence and an additional 
pulse low frequency (LF) field. As result we observed the spin echo signal with unusual envelope shape.  
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In the hydrate crystal of 1:1 salt with 1,3-diazine and chloranilic acid (H2ca), (1,3-diazineH)∙H2O∙Hca, an 
unique hydrogen-bonded molecular aggregate is formed. A single proton transfer from chloranilic acid to 
1,3-diazine results in 1,3-diazinium cation, 1,3-diazineH+, and hydrogen chloranilate anion, Hca , in the 
crystal. There exist hydrogen bonds between the 1,3-diazinium ion and the water (H2O) of crystallization, 
and between the H2O and the hydrogen chloranilate ion. X-ray crystal analysis [1] revealed proton disorder 
in the N-H…O hydrogen bond at 225 K (Fig. 1). In order to reveal dynamic aspect of this disorder, 35Cl 
NQR measurements were conducted. Fig. 2 shows temperature dependence of the NQR frequencies. Two 
resonance lines observed at 35.973 and 35.449 MHz at 321 K split into four lines below Tc = 198 K clearly 
showing occurrence of a solid-solid phase transition; 36.565, 36.357, 36.011, 35.974 MHz at 77 K. 
Temperature dependence of spin-lattice relaxation time T1 in high-temperature phase was observed to obey 
an Arrhenius-type relation with the activation energy of 8.5 kJ mol 1. This result leads to the conclusion that 
proton exchange in the N-H…O hydrogen bond takes place in the high-temperature phase. Below Tc the 
symmetry related N-H…O hydrogen bonds shown in Fig. 1 become non-equivalent and one of them falls in 
the ordered state [1]. Specific heat measurements by DSC resulted in the transition entropy S = 1.3 J K 1 
per 1 mole [(1,3-diazineH)∙H2O∙Hca]2 which is far less than 2R ln2 = 11.5 J K 1 mol 1. It may be expected 
that proton ordering is not complete even in LTP and proton exchange in the two hydrogen bonds does not 
occur independently but concertedly in the high-temperature phase. 
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The DTA measurements of the title compound 4-NH2PyHSbI4 (Py = C5H4N) have revealed that the 
compound can exist in two modifications of β- and α-phases at room temperatures as shown in Fig. 1. The 
stable β-phase transformed to the meta-stable α-phase by heating above ca. 362 K and successive cooling. 
The α-phase further underwent a first-order phase transition of α(I)-phase ↔ α(II)-phase at ca. 272 K (on 
heating). Corresponding discontinuities were observed on the 1H NMR T1 curves at these temperatures. 
Though the crystal structures have not yet been clarified for these phases, the observed resonance lines due 
to 127I NQR (m = ±1/2↔±3/2) may be assigned to the terminal and the bridging I atoms by considering their 
frequencies, indicating an existence of one dimensional infinitive anion chain structures formed of SbI6 
octahedra. The β-phase was characterized by two higher-frequency lines of the terminal I atoms around ca. 
136 MHz and two lower-frequency ones of the bridging I atoms around ca. 114 MHz throughout the 
measured temperatures (Fig. 2). Meanwhile no NQR signals were observed in the α(I)-phase, but two 
signals, assignable to the terminal and the bridging I atoms respectively, were observed in the  α(II)-phase 
between 77 K and ca. 240 K, above which the disappearance of the signals  occurred (Fig. 2).  
The second moment M2 values of 1H NMR spectra at 290 K showed that the 4-NH2PyH+ cations resided in 
the rigid lattice with 8 G2 in the β-phase but in the α(I)-phase the M2 value largely reduced to 2 G2, 
suggesting that the cations rotate about an axis more symmetric than pseudo 3-fold axis. On the other hand, 
the cations in the α(II)-phase may reside in the rigid lattice as judged from the T2* values. The activation 
energy of 21 kJ mol-1 was estimated for the reorientational motion in the α(I)-phase from the 1H NMR T1 
measurements (Fig. 3). 
The results of 127I NQR as well as of 1H NMR indicate a similarity on the structures of the β-phase and the 
α(II)-phase to those of the low-temperature phase and the room temperature phase of 4-NH2PyHSbBr4 [1,2], 
respectively.  
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Fig. 1. DTA curves. 

 

Fig. 3. 1H NMR T1. 
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Nuclear Quadrupole resonance has an application for the detection of the explosives and drugs in the 

passengers baggage in airports and landmine detection [5]. The NQR frequency range of the nitrogen 
compounds lays between 0.4 and  5.2 MHz. The requirements for detection of the explosives in passengers 
baggage include the detection of the small quantities of the explosives (15-20 grams) in big volume (near 
160 litres[6]).  Thus the problem of the sensitivity for NQR scanners is very actual. The decreasing of the 
threshold  of low quantity of the samples inside the big volume is very important for security applications. 
The physical methods for the improvement of the sensitivity of the NQR of the N-14 nuclei are following: 
multipulse NQR methods[7] , double NMR-NQR[8], double cross-level method[9, 10, 11], multifrequency 
NQR[12, 13]. 

However the application of theses methods are depends on the parameters of the samples. For 
instance the application of cross-polarization methods produces the gain of the signal to noise ratio in the 
case of the direct bond between proton and nitrogen nuclei and suitable relaxation parameters. The double 
NQR-NMR and double cross-level methods were successfully investigated for trinitrotoluene 
C6H2(NO2)3CH3 (TNT) and C5H8N4O12  (PETN)[4-7]. In other side HMX (C4H8N8O8) and RDX 
(C3H6N6O6) are not suitable for double NQR-NMR experiments. We propose the two and three frequency 
method in three levels energy NQR system for the increase of the signal to noise ratio for the explosives 
detection of the nitrogen compounds without H-N bond. 

Our methods include following properties:  i) the gain of the NQR signal in comparison of  one 
frequency case up to 1.5 in two frequency excitation; ii)the absence of the problem of long transition process 
after power radiofrequency pulses in three frequency multipulse sequence; iii)the generation of two and 
three frequency multipulse sequences with quasistationery NQR states. The experiments were carried out on 
RDX at room temperature. 
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A glass transition is a freezing phenomenon of a molecular configurational motion. It is observed not only in 
liquid state but also in crystalline state. In the previous case the whole positional and orientational disorders 
remain, but in the latter case the positions of the center of molecules are fixed and only the partial 
orientational disorder remains. The glass transitions in the stable crystalline states were found in thiophene 
[1], 2-chlorothiophene [2, 3], 3-chlorothiophene [4,5], 2,5-dichlorothiophene [6], and so on.  
2,5-Dichlorothiophene, which has the melting point of 232.72 K, has three crystalline phases, the most 
stable one and the two meta-stable ones [6,7]. In the most stable crystalline phase a glass transition was 
observed at 138 K. The activation energy for the molecular reorientational motion, which freezes out at the 
glass transition temperature, can be estimated to be about 45 kJ mol-1 [6]. The NQR experiments for 2,5-
dichlorothiophene were carried out in the three crystalline phases to get more detailed information about 
molecular motion related to the glass transition.  
35Cl NQR signals were observed by use of a spin-echo method. Broad NQR signals, which had the full 
width of about 80 kHz at half maximum, were observed in the most stable crystalline phase. The resonance 
frequency was 35.40 MHz and 34.90 MHz at 77 K and 209 K, respectively. There observed no anomaly at 
the glass transition point in the temperature dependence of the frequency. Sharp NQR signals, which had the 
full width of about 8 kHz at half maximum, were observed in the two meta-stable crystalline phases. 
The temperature dependence of the spin-lattice relaxation times, T1, in the most stable crystalline phase was 
interpreted by the contributions of the lattice vibrations and the molecular rotations. The activation energy of 
the molecular rotations was estimated to be about 40 kJ mol-1 by the least-squares fitting.  
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Substitution of K ions with Li ions in the KTaO3 lattice is a textbook example of how to induce structural 
disorder, leading to a glass-like behavior [1]. Li impurities act like randomly interacting electric dipoles, 
with six discrete instantaneous orientations pointing along the cubic axes. For low Li concentrations x, 
dipolar glass state is established at low temperatures. At high temperatures, no behavior reminiscent of Li-Li 
pair interplay has been observed, apart from a two-timescale Li dynamics [2,3]. The absence of satellite 
transition features in the quadrupole-perturbed 7Li (I = 3/2) NMR spectra [2,3] is somewhat surprising, since 
the statistical probability of Li-Li pairs is far from being negligible for Li-concentrations at which dipolar 
state is formed at low temperatures (x ≤ 0.04). 
We show that Li-pairs can indeed be detected via 7Li quadrupole-perturbed NMR in the K1-xLixTaO3 single 
crystals with concentrations ranging from x = 0.0035 to x = 0.12, at temperatures far above the nominal glass 
transition temperature. The contributions from both isolated, cubic Li ions, and from Li-Li pairs, can clearly 
be resolved in the NMR spectrum. The “pairs” are detected as very low intensity, but well resolved, 
quadrupole satellites (Fig. 1). Their temperature-dependent splitting, equivalently the average quadrupole 
coupling constant, is indicative of energetic nonequivalence of various pair configurations. The dependence 
of integral intensities of the satellite lines on concentration x is in accordance with the above “pair” scenario. 
Our experimental observations are also supported by the results of local density approximation (LDA) 
calculations of electric field-gradient (EFG) tensor at the Li site. 
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Fig. 1. Room temperature 7Li quadrupole-perturbed NMR spectrum of  
K0.88Li0.12TaO3 at a general orientation of the crystal with respect to the 
external magnetic field. Satellite transitions are marked according to the 
orientations of Li-Li pairs. 
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The relaxation theory of Bloch-Wangsness-Redfield [1] has been used widely for interpretation of the data 
in solid-state and high resolution NMR relaxation experiments. However, there are difficulties in extracting 
dynamic information on some systems in the presence of nuclear spins with I>1/2. These difficulties 
associated with tremendous calculator work for obtaining matrix representation of relaxation superoperator 
for multipolar spin systems and with the complexity of solving the relaxation equations for spin density 
matrix. The restriction of basis set for relaxation superoperator in mutlipolar spin system may lead to loss of 
the relevant physical observables induced by the relaxation . Such situation arises if the interference 
interactions give the contributions in the relaxation. 
In the present paper a theoretical treatment of the longitudinal and transverse nuclear magnetic relaxation of 
quadrupolar nuclear of any spin in multipolar spin systems is proposed in the operator representation 
without preliminary selection of basis set in the presence of quadrupolar-chemical shift anisotropy 
interference, based on the second order time dependent perturbation theory [2]. The operator representations 
are particularly attractive since they permit us to avoid dealing with individual matrix elements. 
The main equations for longitudinal and transverse relaxation of quadrupolar nuclear in multipolar spin 
system were derived if the relaxation is defined by chemical shift anisotropy, quadrupolar interactions and 
mixed fluctuations. The theory was applied to study of a relaxation and a line shape of quadrupolar nucler of 
spin S=1, 3/2, 3 in anisotropic molecular system in the presence of Q-CSA cross-correlation and in dipolar 
coupled spin system IS (I=1/2, 1). . The effects of high rank multipoles on lineshape and longitudinal 
relaxation of S=3 spin system were studied in the presence of Q-CSA cross-correlation. It was found that 
quadrupolar interaction induced magnetic multipolar the same evenness but Q-CSA inteference interaction 
course multipolar rank higher on one. The necessity of quantitative estimates of the values of Q-CSA cross-
correlation contributions requires working out of new methods of exciting of particular types of coherence, 
and the methods for their registration. We also discuss the possibility of the application of traditional 
schemes for the excitation of multiquantum coherence for spin systems with quadrupolar nuclei.  
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The temperature dependence measurements of 81Br NQR frequencies in CH3NH3HgBr3 by using a super-
regenerative type spectrometer have revealed that it undergoes three characteristic successive phase 
transitions between 77 K to ca. 300 K [1]. Each phase transition seems to be closely related to the motions of 
methyl ammonium cation as a partial or whole. In this work a pulse NQR method was applied to the sample 
crystals to get more precise information about the nature of the phase transitions; the results of the 81Br NQR 
relaxation measurements as well as the frequency reinvestigations are reported.  
The first-order nature of the phase transitions of IV↔III at 127 K and of III↔II at 187 K were confirmed by 
the observations of the hysteresis on the NQR frequencies in the process of heating and cooling in addition 
to the observation of frequency jumps in the temperature dependence curves (the numbering of the phases is 
the reverse order as used in Ref. [1]). On the other hand, the second-order type phase transition temperature 
of II↔I was determined as 239 K. 
The 1/T1 vs. T curves of the ν2 resonance line (88 MHz) for 81Br NQR shows a larger increase of 1/T1 with 
temperatures in the phase IV than the other phases and an enhancement of 1/T1 for the second-order II↔I 
phase transition at 239 K (Fig.2). The enhancement of 1/T1 indicates the onset of the molecular motion of 
the cation as a whole on the II→I phase transition (The local environment is shown in Fig. 3). Meanwhile 
the IV↔III and the III↔II phase transitions may be related to the rotational motions of CH3 and NH3 
groups, respectively. 
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Fig. 1. Temperature dependence of  
81Br NQR frequency in 
CH3NH3HgBr3. 
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Fig. 3. The local environment of Br 
atoms in the phase I of 
CH3NH3HgBr3 (from [2]). 
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The present measurements are the part of the systematic investigations of the static electromagnetic 
moments of 9-/2 and 21-/2 isomeric states in odd-A Ta nuclei. The lighter isotopes, 171Ta and 173Ta have 
been found to have decay properties different from those of heavier isotopes 175-181Ta, where the 
configuration assignments of the low-lying Nilsson proton intrinsic states have been firmly established. The 
9-/2 (E=132 keV, T1/2 = 222 ns) and 21-/2 (E=1565.9 keV, T1/2=1950 ns) isomeric states are identified in 
175Ta [1] nucleus as single quasiproton and three quasiparticle states, respectively.  
 
The isomeric states in 175Ta have been populated through the nuclear reaction 160Gd(19F, 4n ) 175Ta using a 
87 MeV pulsed 19F beam with pulse width of 2 ns and repetition period of 1µs at 15 UD pelletron 
accelerator facility of Inter University Accelerator Centre, New Delhi. The target consisted of 632 g/cm2 
enriched 160Gd evaporated on thick Ta backing (35 mg/cm2). The external magnetic field of 8.390(50) kG 
(measured by a Hall probe) perpendicular to the beam-detector plane was provided by a C-type 
electromagnet and calibrated with respect to the magnetic moment of the 5+/2 state (E=197 keV, T1/2=89.3 
ns) in 19F nucleus [2]. From the analysis of the LSQ fitted values of the Larmor frequency L = gH N/ħ (H 
is the external applied magnetic field), we obtained g-factor for 9-/2 and 21-/2 as 0.631(9) & 0.542(21) 
respectively.  
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Precise nuclear quadrupole moments (Q) are a prerequisite for any quantitative analysis of measured 
quadrupole coupling constants. While historically good precision of calculated electric field gradient (EFG) 
values for normalization could only be achieved for atoms, the progress of calculations for molecules and 
solids in recent times has opened up a new possibility. Thus in many cases now values for Q have been 
obtained in this way [1]. 
Here we have used the full-potential linearized augmented plane waves (FLAPW) method to obtain updated 
values of Q for the Zn and Cd isotopes. The most reliable results come from the calculations in the 
hexagonal metals. Here accurate lattice constants at 4 K have been determined and precise values for the 
coupling constants are known. For error analysis numerous calculations were made using different density 
functionals and computational parameters. In particular a very dense mesh of k-points in the Brillouin zone 
was needed. 
The final results (absolute values) are: 

Q (67Zn, g. st.) = 0.145 (3) b 
Q (111*Cd, 5/2+) = 0.764 (15) b 

Calculations of the EFG in various other compounds, mostly halides, give results in agreements with these 
values, of less precision, however. To check the procedures employed the EFG in several simple gallium 
and indium halides was calculated. The resultant quadrupole moments agree within 1% with the precisely 
known values. 
Using the experimentally determined ratios of Q, generally known with high accuracy, the moments of the 
other Zn and Cd isotopes can be obtained. In the case of Cd the trends of coupling constants from optical 
spectroscopy and perturbed angular distribution measurements must be considered for this purpose. 
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Electromagnetic moments of nuclei are important physical quantities not only for nuclear structure studies, 
but also for investigation of the electromagnetic structures in materials.  Reliable values of electromagnetic 
moments of radioactive nuclei are essential especially for probe nuclei of rare-earth elements in 
ferromagnetic materials through hyperfine interactions since it is difficult to apply the conventional NMR 
technique due to their very high resonance frequencies and shallow skin depths. One such example is Ho in 
Fe, which, as Torumba et al. have pointed out, is important for evaluating first principle calculations [1]. 
This time, we succeeded in observing the Larmor precession for the 362 keV state in 165Ho(Iπ = 3/2+, T1/2 = 
1.512 µs) in Dy2O3 by use of the perturbed angular correlation technique, intending to determine the 
magnetic moment and apply it to the measurement of the hyperfine field at Ho in Fe. 
The 362 keV state in 165Ho was populated as a decay product of 165Dy, which in turn was produced by the 
neutron activation of 164Dy in natural Dy2O3 power. A static external magnetic field of 3 kG was applied to 
the sample at room temperature. The Larmor frequency for the 362 keV state in 165Ho in Dy2O3 was 
determined to be –32.3 ± 0.6 MHz. The magnetic moment for this state was tentatively deduced to be +2~3 
µN under the assumption that the paramagnetic correction factor for free Ho+3 ions [2] is applicable to the 
present case. Taking the uncertainty of the paramagnetic correction factor in Dy2O3 into account, the 
deduced magnetic moment would be consistent with a simple model calculation of the magnetic moment for 
rotational state nuclei. An accurate evaluation of the paramagnetic correction factor for Ho in Dy2O3 is now 
in progress to finalize the magnetic moment value. 
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Nuclear spin in a diamagnetic atom, such as Xe, Hg, and Rn, constitutes an almost ideally isolated 
system that follows quantum mechanical laws. In fact the spin relaxation time for, e.g., 129Xe nucleus in an 
atom of Xe ranges upto several hundreds of seconds, and can serve as an exclusive testing ground for 
fundamental symmetries by means of intricate spin control.  

We are developing a nuclear spin oscillator of a new type, which employs a feedback scheme based on 
an optical spin detection and succeeding spin control by a transverse field application [1,2]. This spin 
oscillator parallels the conventional spin maser in many points, but exhibits advantages and requirements 
that are different from those with the spin maser. By means of the optical-coupling nuclear spin oscillator, 
an experimental setup to search for an electric dipole moment (EDM) in a spin 1/2 diamagnetic atom 129Xe 
is being developed. Until now, a frequency precision of 9 nHz has been attained which, with the application 
of an electric field of 10 kV/cm, would correspond to an EDM precision better than the current experimental 
limit of 4.0×10 27 e cm for 129Xe atom [3] but still a step worse than that for 199Hg [4]. 
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Fig. 1. Experimental setup for the nuclear spin oscillator. 



200 
 

PS3-50-138 
 

Polarization Creation in Proton-Rich 28P via Charge Exchange Reactions 
and Measurement of Its Electric Quadrupole Moment 

 

K. Matsuta,1 M. Mihara1, D.M. Zhou2, Y.N. Zheng2, D. Nishimura1, T. Nagatomo3, 
D.Q. Yuan2, S. Momota4, T. Izumikawa5, Y. Zuo2, P. Fan2, S.Y. Zhu2, T. Ohtsubo6, 

M. Fukuda1, Y. Namiki6, M. Nagashima6, T. Minamisono7, D. Kameda8, 
T. Sumikama9, A. Kitagawa10, M. Kanazawa10, M. Torikoshi10, S. Sato10, 
R. Matsumiya1, J. Komurasaki1, D. Ishikawa1, H. Hirano6, S. Takahashi6, 

T. Kubo6, R. Yamada6, Y. Shimbara6, Y. Nojiri4, T. Suzuki11, 
X.Z. Zhang2, J. R. Alonso12, G.F. Krebs12and T.J.M. Symons12 

 
1 Dept. of Physics, Osaka Univ., Osaka 560-0043, Japan,  matsuta@vg. phys.sci.osaka-u.ac.jp, 

2 CIAE, P.O. Box 275-50, Beijing 102413, P.R. China,    3Int. Christian Univ., Tokyo 181-8585, Japan, 
4Kochi Univ. of Tech., Kochi 782-8502, Japan, 5RI Center, Niigata Univ., Niigata 951-8510, Japan, 

6Niigata Univ., Niigata 951-2181, Japan, 7Fukui Univ. of Thech., Fukui 910-8505, Japan, 
8RIKEN, Saitama 351-0198, Japan, 9Tokyo Univ. of Science, Chiba 278-0022, Japan, 

10NIRS, Chiba 263-8555, Japan, 11Nihon Univ., Tokyo 156-8550, Japan, 
12Lawrence Berkeley Lab., CA 94720, USA 

 

     The degrees of polarization of proton rich nucleus 28P produced in charge exchange reactions 28Si + 9Be -
> 28P + X, and 28Si + 1H -> 28P + X have been observed at 100A MeV.  Utilizing thus obtained polarized 
nuclei, -nuclear quadrupole resonance ( -NQR) of 28P implanted in Al2O3 have been observed for the first 
time.  28P is of our present interest, since this nucleus may develop proton halo structure, which may be 
possible from the rather shallow proton separation energy of 2.065 MeV, and was suggested from the rather 
large reaction cross section compared with the neighboring nuclei [1].  In our previous study, the magnetic 
moment of 28P was determined precisely [2], which showed at least the dominance of the configuration with 
the s1/2 proton, which may develop proton halo.  In the present work, we tried to measure the electric 
quadrupole moment of 28P. 
     The experimental procedure is similar to the previous work [2], the proton-rich 28P nuclei were produced 
and were polarized through charge exchange reactions 28Si 
+ 9Be -> 28P + X, and 28Si + 1H -> 28P + X, at 100 A MeV, 
and were separated by a separator.  They were then 
implanted in a Pt catcher cooled down to 15 K.  The 
degree of polarization was measured by means of NMR 
utilizing -ray asymmetric emission.  Then the 28P nuclei 
were implanted in a single crystal Al2O3 and the NQR 
were observed as shown in Fig. 1.  The polarization 
mechanism in these reactions and the quadrupole moment 
of 28P will be discussed at the meeting.  
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Fig. 1. Typical -NQR spectrum of 28P in 
Al2O3. 
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Laser deposition is a very useful technique to produce films, which is applied in many fields. We have 
previously reported the study on iron carbide films produced by laser deposition of iron in a C2H2 
atmosphere. Iron carbide films with various Fe/C composition ratios were produced by varying the pressure 
of a C2H2 atmosphere and the substrate temperatures during deposition [1]. Here, we report the laser 
deposition of iron onto amorphous graphite substrates in order to produce Fe/C species with excess amount 
of C atoms. The Fe/C products were studied using Mössbauer spectroscopy, X-ray diffraction (XRD), and 
scanning electron micro spectroscopy SEM. 
Laser light from a YAG laser (532 nm) was focused by a convex lens onto the target 57Fe metal block. 
Laser-evaporated Fe atoms were deposited on a graphite substrate. The temperature of the substrate was 
maintained at the desired temperature (300–600 K range) using a resistive heater. One pulse of laser ablation 
produces 4 x 10-9 mol of Fe atoms, and the amount of the laser-deposited Fe was controlled by varying the 
number of laser pulses. Mössbauer spectra of the Fe/C on the graphite substrates were measured at room 
temperature in a transmission geometry using a 57Co/Rh source. 
Laser depositions of Fe were performed while the temperature of the graphite substrates was kept at 570 K, 
and their Mössbauer spectra are shown in Fig. 1. The amounts of Fe deposited on the graphite substrates are 
indicated as equivalent thickness of -Fe. Laser evaporated Fe 
atoms have high translational energy (several hundreds eV) and 
reacts with graphite to form Fe/C compounds. The Mössbauer 
spectrum of the sample with a small amount of Fe (10 nm) was 
fitted into a combination of two sets of sextets and a doublet. 
The sextets were assigned to cementite Fe3C and -Fe, and the 
doublet (  = 0.3 mm/s, EQ = 1.1 mm/s) was assigned to 
amorphous iron carbide. The intensity ratio of the sextet 
absorption of Fe3C was approximately 3:4:1:1:4:3, which 
indicates that the nuclear spin orientation of Fe3C is parallel to 
the substrate surface. Increasing the amount of Fe (25 nm), the 
yields of -Fe increased as it may produced on the top of Fe/C 
surface. Similar experiments were performed at lower 
temperature at 300 K, and the yield of amorphous Fe/C was 
enhanced, while Fe3C decreased. 
 
 
 
 
 
 
 
 
 
References 
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Fig. 1. Room-temperature Mössbauer 
spectra of the Fe/C produced by laser-

deposition of Fe onto amorphous graphite 
substrates at 570 K. The amounts of Fe are 

indicated in the figure as equivalent 
thickness of -Fe. 
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Substitution of K ions with Li ions in the KTaO3 lattice is a textbook example of how to induce structural 
disorder, leading to a glass-like behavior [1]. Li impurities act like randomly interacting electric dipoles, 
with six discrete instantaneous orientations pointing along the cubic axes. For low Li concentrations x, 
dipolar glass state is established at low temperatures. At high temperatures, no behavior reminiscent of Li-Li 
pair interplay has been observed, apart from a two-timescale Li dynamics [2,3]. The absence of satellite 
transition features in the quadrupole-perturbed 7Li (I = 3/2) NMR spectra [2, 3] is somewhat surprising, 
since the statistical probability of Li-Li pairs is far from being negligible for Li-concentrations at which 
dipolar state is formed at low temperatures (x ≤ 0.04). 
 
We show that Li-pairs can indeed be detected via 7Li quadrupole-perturbed NMR in the K1-xLixTaO3 single 
crystals with concentrations ranging from x = 0.0035 to x = 0.12, at temperatures far above the nominal glass 
transition temperature. The contributions from both isolated, cubic Li ions, and from Li-Li pairs, can clearly 
be resolved in the NMR spectrum. The “pairs” are detected as very low intensity, but well resolved, 
quadrupole satellites (Fig. 1). Their temperature-dependent splitting, equivalently the average quadrupole 
coupling constant, is indicative of energetic nonequivalence of various pair configurations. The dependence 
of integral intensities of the satellite lines on concentration x is in accordance with the above “pair” scenario. 
Our experimental observations are also supported by the results of local density approximation (LDA) 
calculations of electric field-gradient (EFG) tensor at the Li site. 
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Fig. 1. Room temperature 7Li quadrupole-perturbed NMR spectrum of  K0.88Li0.12TaO3 at a general 
orientation of the crystal with respect to the external magnetic field. Satellite transitions are marked 
according to the orientations of Li-Li pairs. 
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The ultimate goal of solid state physics is to explain the properties of solids, based on nothing more than the 
quantum interactions between their elementary building blocks: electrons and nuclei. The daily work of 
solid state experimentalists and theoreticians can be considered as making steps towards this goal. In this 
process, cross-links between theory and experiment are particularly useful. An example of a quantity that 
can both be calculated and measured with high accuracy, is the electric-field gradient (EFG). It contains 
valuable information about many aspects of solids, as for instance the electron density, the crystal structure, 
magnetism or chemical bonding. 

An EFG module was recently implemented into the FPLO code [1]. The FPLO package (www.fplo.de) is a 
full-potential local-orbital minimum-basis code [2, 3] to solve the Kohn-Sham equations on a regular lattice 
using the local spin density approximation (LSDA). The situation of a chemically disordered structure is 
covered by a CPA solver [4], relativistic effects can be treated in a related 4-component code [5], and the 
LSDA+U formalism is implemented [6].  

In this poster, we show several examples where the calculation and evaluation of the EFG helped to gain 
deeper insight into some fundamental properties of solids. 
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The electronic structures of very dilute transition metal (TM) atom and ion (Mn
0

, V
2+

, Cr
+

, and Mn
2+

) complexes in 
silicon hosts have been studied using the Hartree-Fock procedure[1,2] combined with many-body perturbation 
theory with the aim to study the locations of TM atoms and ions and their hyperfine interactions.  The clusters 
studied involved the TM atom and ions at the hexagonal interstitial (Hi), tetrahedral interstitial (Ti) and 
substitutional (S) locations, with the TM atoms and ions occupying a preexisting vacancy for the substitutional 
case. The nearest and next nearest neighbors of the TM atom and ions were included in the clusters for all of the 
sites studied.  The energies of the centers were also studied for small variations in positions of the TM atom and 
ions along the <111> axis, and perpendicular to this direction.  From the results of these studies, it is concluded 
that the binding energy and the total energy curves with respect to displacements of the TM systems around the 
Hi, Ti and S positions support the S and Ti sites as the possible binding sites for all the systems, the magnitudes 
of the binding energies favoring the S center.  Channeling studies however suggest that both Ti and S sites are the 
likely locations of Mn TM systems.  We have therefore investigated the hyperfine interaction constants (A) at 
both of these sites for Mn

0 

and M
2+

 including many-body effects which are rather important because the unpaired 
electrons are in d-like orbitals and have no direct contributions.  Our results for A for Mn

0

 and Mn
2+

 when 
compared with experimental results[3] from Electron Paramagnetic Resonance (EPR) measurements show that 
the latter data can be explained with only the Mn

2+

 ion at the Ti sites, with the value for A from the Mn
0

 results 
too small to explain the EPR results. This investigation illustrates the importance of the hyperfine interactions of 
the TM system, together with results from channeling measurements, in deciding on the charge states and 
locations of the TM systems in the silicon hosts, which in turn are important for a first-principles understanding 
of the ferromagnetic behavior of TM systems in Silicon.  
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We have studied the Nuclear Quadrupole Interactions (NQI) of 
17

O, 
14

N and 
2

H nuclei for free nucleobases and 
nucleobases in single strand (sDNA), double strand DNA (dsDNA) and in solid state. Our first principles 
investigation was carried out using the Gaussian 2009 set of programs to implement the Hartree-Fock procedure 
combined with many-body effects included using many-body perturbation theory. The positions of the atoms 
were taken from structural data for DNA systems [1], for solid nucleobases from x-ray data [2-5] and by 
geometry optimization based on the total energy for the free nucleobases. As expected for NQI in general, many-
body effects are found to be small. Results will be presented for the nuclear quadrupole coupling constants (e

2

qQ) 
and asymmetry parameters (η) for the nucleobases in the various systems, and trends in e

2

qQ and η in the 
different systems will be discussed. Our results show that there are substantial changes in the NQI parameters 
e

2

qQ and η, at the positions of the nuclei, on going from free nucleobases to the nucleobases attached to single 
strand DNA (sDNA), between the latter and the nucleobases in double strand DNA (dsDNA) and between free 
nucleobases and solid nucleobases. Our results for the 

17

O NQI parameters in the solid nucleobases agree well 
with experimental results [6] obtained by the magic angle spinning nuclear magnetic resonance technique. 
Comparison with the results of an earlier theoretical investigation [6] on the solid nucleobases with our 
theoretical results will be presented and discussed.  

It is hoped that the results of experimental measurements of NQI parameters for 
17

O nuclei in these nucleobases 
for single strand and double strand DNA and for other nuclei (

14

N and 
2

H) will be available in the future to 
compare with our theoretical predictions.   
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DNA is the most important molecule for biology in particular and for life in general. Owing to its great 
importance for life processes, any unchecked damage in DNA molecules can have dramatic consequences for the 
affected organism. For understanding the origin of the damage at an electronic level, it is important to have a 
detailed knowledge of the electronic structure of DNA and related systems  
 
We have presented our systematic study of the Nuclear Quadrupole Interaction (NQI) in another Abstract at this 
conference. Here we present the results of our investigations on the trapping of muonium (Mu) in the free 
nucleobases, nucleobases in single and double chain DNA and in solid nucleobases. The study of Mu trapping 
and the associated muon hyperfine interaction complements the (NQI) study in the diamagnetic DNA systems by 
providing magnetic information dependent on the electronic structure of the systems associated with the unpaired 
spin electron provided by the trapped Mu. It also provides insights into the nature of the trapping process and 
associated hyperfine properties for impurities in general and the procedure for studying them.  
 

For our investigation, we have used the first-principles procedure of Hartree-Fock theory combined with many-
body perturbation theory (MBPT) to include many-body electron correlation effects. These latter effects are very 
important because they influence both the stabilities of the Mu trapping sites and the associated hyperfine 
interaction properties. It was also important to introduce relaxation effects in the positions of the nearest 
neighbors of the trapped Mu impurity. These effects were found to be sizable and influenced the strengths of the 
trapping of Mu at the sites found, however they are not sensitive to many-body correlation effects, an important 
result for the future in making careful trapping studies more practicable.   

Results obtained for muonium hyperfine interaction at the trapped muonium sites will be presented. The main 
contributor to the hyperfine interaction properties is found to be the Fermi Contact isotropic term. However 
electron-nuclear dipole-dipole hyperfine interaction also makes significant contributions. The predicted hyperfine 
constants for the Muonium and the nearest neighbor nuclei are utilized to obtain theoretical values of the level 
crossing frequencies in the presence of applied magnetic fields and compared with available experimental data 
[2].  
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