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Laboratory Instrumentation

Mössbauer Spectroscopy 57Fe & 119Sn
Sample temperature 10-650 K (transmission geometry)

Materials Characterization and Study

77-300 K 77-300 K

powder, films, single crystal & frozen liquid samples
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Laboratory Instrumentation

Mössbauer Spectroscopy 57Fe & 119Sn
Sample temperature 10 K-650 K (transmission geometry)

Materials Characterization and Study

10-300 K 300-650 K
powder, films & single crystal samples
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77-300 K, 0-10 kOe CE, X-rays backscatter Mössbauer spectrometer (300K)
surface properties of thin and thick films

Laboratory Instrumentation

Mössbauer Spectroscopy 57Fe & 119Sn
Special conditions/samples: applied magnetic field/backscatter Conversion Electron (CE) & X-rays

Materials Characterization and Study

powder, films & single crystal samples
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Laboratory Instrumentation

Mössbauer Spectroscopy
Continuous development of data acquisition instrumentation, experimental methodology and software

Materials Characterization and Study

Mössbauer spectroscopy prototype 
digital data acquisition card (MossCard)

Mössbauer 1st on-the-fly spectra fitting software (IMSG)
57Fe, & 119Sn full Hamiltonian, real multi-component

HMF-QS distributions for powder & single crystal samples
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Laboratory InstrumentationMaterials Characterization and Study

Vibrating Sample Magnetometer (77-1300 K, 0-20 kOe)
• powder, films and single crystal samples

• vector VSM (combined x & y axes magnetic moments)
• magnetoresistivity measurements

Powder XRD (300 K)
• Quantitative analysis – Rietveld Refinement
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Laboratory InstrumentationMaterials Samples Synthesis

Tube Furnaces

max Temp. 1700 °C max Temp. 1000 °C with gas flow
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Laboratory InstrumentationMaterials Samples Synthesis

Samples in quartz ampules evacuation (10-3-10-6 Torr ) and sealing (acetylene flame)
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Laboratory InstrumentationMaterials Samples Synthesis

Sample annealing (up to 1000 °C)
under continuous vacuum (10-3-10-6 Torr )

Arc melting (metals and alloys)
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Structural, Electronic & Magnetic Properties of Materials-Characterization & Study

Biomimetic [Fe4S4]x[SnnS2n+2]y n=1, 2, 4 Amorphous Chalcogels (Mercouri Kanatzidis Group)
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Structural, Electronic & Magnetic Properties of Materials-Characterization & Study

Biomimetic [Fe4S4]x[SnnS2n+2]y n=1, 2, 4 Amorphous Chalcogels (Mercouri Kanatzidis Group)

57Fe

The [SnnS2n+2] building blocks’ size determines the magnetic interactions between the [Fe4S4] cubanes

119Sn

77 K
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Structural, Electronic & Magnetic Properties of Materials-Characterization & Study
Inorganic Polymers From CaO-FeOx-SiO2 Slags alternatives to ordinary Portland cement (Yiannis Pontikes Group)

Fayalite (Fe2SiO4) Slag + NaOH (SH) + (Na2O)x·(SiO2)y (SS)
alkali solution activation

30% SS

30% SSSlag

50% SS

70% SS

50% SS 70% SS
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Evolution of the 77K 57Fe Mössbauer spectra at different reaction stages 
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• Activating solutions with molar ratios SiO2/Na2O=1.6 and H2O/Na2O=20.

Starting Mixture Components wt%

FeO SiO2 CaO Al2O3 MgO

47 34 12 5 2
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Structural, Electronic & Magnetic Properties of Materials-Characterization & Study
Inorganic Polymers From CaO-FeOx-SiO2 Slags alternatives to ordinary Portland cement (Yiannis Pontikes Group)
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Structural, Electronic & Magnetic Properties of Materials-Characterization & Study
Inorganic Polymers From CaO-FeOx-SiO2 Slags alternatives to ordinary Portland cement (Yiannis Pontikes Group)

Slag

1 d 28 d
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Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study
Fe–Ni/Fe–Co core-oxide shell Nanoparticles

NaBH4 method @ RT (A. Bourlinos)
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Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study
Fe–Ni/Fe–Co core-oxide shell Nanoparticles
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FeNi FeCo

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Fe-rich & Fe-poor regions
in the NPs core

Fe–Ni/Fe–Co core-oxide shell Nanoparticles



University of

Ioannina

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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Why NDs:
• exceptional structural and mechanical properties
• motor lubricants, plating, coating and polymeric composite agents
• highly biocompatible, vast field for research and applications in biomedicine
• B-doped forms have shown potential for electronic device applications

NDs Preparation:
detonation

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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NDs

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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Addition of 
Metal (Fe, Pt) Salts 

+ NaBH4

free FePt MNPs

H2O

FePt MNPs
co-precipitation

FePt soft (fcc) MNPs

Annealing
evacuated (10-3 Torr)

quartz ampoules
700 °C, 30 min

soft (fcc) to hard (fct) 
magnetic phase transition

disordered

ordered

FePt MNPs:
• as prepared: received in the disorder fcc structure
• annealing at high temperatures (>600 °C) to transform to the
high anisotropy fct structure
• limitation: annealing leads to sintering effects destroying the
microstructural uniformity

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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Nanodiamonds
suspension in H2O Nanodiamonds

FePt MNPs/NDs Hybrids

Addition of 
Metal (Fe, Pt) Salts 

+ NaBH4

FePt MNPs/NDs Hybrids

FePt MNPs
co-precipitation
in the suspension

Annealing
evacuated (10-3 Torr)

quartz ampoules
700 °C, 30 min

soft (fcc) to hard (fct)
magnetic phase transition

without FePt particle size growth
due to spatial isolation

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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NDs *

FePt (fcc #)
as made

FePt (fcc)/NDs

FePt
annealed
(fct o)

FePt/NDs
annealed

NDs
FePt (fcc)
as made

FePt (fcc)/NDs

FePt
annealed
(fct)

FePt/NDs
annealed

FePt/NDs
annealed

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study
Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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TEM: chemical mapping

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study
Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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FePt (fcc)
as made

FePt (fcc)/NDs

FePt
annealed
(fct)

FePt/NDs
annealed

FePt (fcc)
as made

FePt (fcc)/NDs

FePt
annealed
(fct)

FePt/NDs
annealed

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study
Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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FePt (fcc)
as made

FePt (fcc)/NDsFePt
annealed
(fct)

FePt/NDs
annealed

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study
Magnetic FePt/Nanodiamond (NDs) Hybrid Nanostructures
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aqueous
Fe(NO3)3·9H2O solution

nanodiamonds

chemical precursor: iron
oxide seeds impregnation
on nanodiamond nano-
template matrices

development of 
NanoHybriDs

Annealing in evacuated 
quartz ampoules

+

blending, drying & 
calcination

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Iron Oxide - Iron Carbide NPs/NDs NanoHybrids
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Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study
Iron Oxide - Iron Carbide NPs/NDs NanoHybrids
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CP (a), NHD-600 (b), NHD-750 (c), NHD-900 (d) and NHD-1050 (e)

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Iron Oxide - Iron Carbide NPs/NDs NanoHybrids
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(b)

Structural, Electronic & Magnetic Properties of Materials-Synthesis, Characterization & Study

Iron Oxide - Iron Carbide NPs/NDs NanoHybrids

CP (a), NHD-600 (b), NHD-750 (c), NHD-900 (d) and NHD-1050 (e)
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Mössbauer Spectroscopy & Physics of Materials Laboratory

Participation in National Research Infrastructure Networks: Innovation-el (https://innovation-el.net/)
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