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LABORATORY 10  
Ȱ&ÕÎÃÔÉÏÎÁÌ Nanostructures ȱ 

 
Head of laboratory: $ÒȢ 3ÉÌÖÉÕ 0/,/¥!.ȟ 3ÅÎÉÏÒ 2ÅÓÅÁÒÃÈÅÒ ÒÁÎË ρ ɉsilv@infim.ro)  
 
Personnel: 36 members ɀ 11 × SR1, 1 × SR2, 10 × SR3, 3 × SR, 10 × RA, and 1 × technician (*SR 
stands for Senior Researcher; RA stands for Research Assistant). 
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
27 team members hold PhD titles in physics (12), chemistry (2), chemical engineering (6), 
biochemistry (3), materials engineering (1), energy engineering (1), biotechnology (1), and 
biomechanics (1). Additionally, the team includes 7 PhD students and 1 MSc student. 
 
Main research directions:  
The group deals with nanostructures and nanostructured materials preparation and 
development of applications. Both chemical/electrochemical (chemical bath deposition, 
electrochemical deposition with and without a template, chemical vapor deposition) and 
physical (sputtering, thermal evaporation in vacuum, electrospinning and forcespinning) 
methods are employed for nanostructures and nanostructured materials preparation. Different 
types of materials are used, including here metals, metal oxides, organometallic compounds 
and polymers. The nanostructures developed by this approach are used as building blocks for 
different types of functional devices (e.g., transistors or diodes, biosensors, actuators). Several 
specific examples follow: 

 Nanostructures and devices based on nanostructures ɀ physical and chemical methods 
are employed for preparing nanostructures. Electrochemical or chemical deposition is 
used for preparing nanowires of zinc oxide with diameters down to 10 nm. Thermal 
oxidation of metal foils is used for obtaining metal oxide nanowires with diameters 
down to 20 nm. Further, the nanowires can be employed as building blocks for electronic 
devices such as diodes and transistors using microlithographic (photolithography and 
electron beam lithography). Devices complexity can be employed (e.g., core shell devices 
can be fabricated) by covering the nanowires with thin-films employing methods such 
as magnetron sputtering or thermal evaporation. Chemical vapor deposition is 
employed for preparing thin nanostructured films such as metal oxides or graphene. 

 Materials for applications in optics, optoelectronics and photonics for devices which 
include diodes and transistors for light emitting applications, glasses or modular 
composition fibres for photonic applications. 

 Biosensors and biomedical devices based on nanostructures or on devices containing 
nanostructures as building blocks. 

Nanostructures and nanostructured materials can be exploited successfully in biosensors, 
mainly due to the high specific surface but also due to other specific functionalities induced by 
the low dimensionality. Electrochemical sensors are developed based on nanostructured 
materials and are functionalized with different types of biomolecules in such a way in which 
both the desired sensitivity and selectivity are obtained. In this context, different types of 
substrates and configurations of functionalization are investigated with the goal of optimizing 
device performances. Novel applications are considered, including wearable sensors for 
physiologic parameters monitoring. Several specific examples follow: 

 Submicrometer fibres; biomimetic devices based on microfiber web electrodes. In our 
group, methods of fabricating polymer submicrometric fibres were developed namely: 
electrospinning and forcespinning. By further functionalization, transparent and flexible 
electrodes based on metal covered polymer fibre webs are obtained. These electrodes 
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can be applied on a wide range of substrates including here materials such as textiles 
and paper and can become the functional element of devices such as biosensors or for 
applications such as artificial muscles. Functionality can be increased by covering with 
electroactive polymers, leading to devices with highly superior performances when 
compared to classic architectures. 

 Biocompatible materials represent another research direction of the group, several 
approaches being developed, including both biopolymeric fibres (collagen or cellulose), 
natural membranes (eggshell membrane) or nanostructured materials such as 
hydroxyapatite. Further functionalization includes covering with different compounds 
or nanostructures or doping and leads to multiple fields of applications, the main one 
being that of medical devices. 

The research directions of Lab. 10 are mostly interconnected for developing devices with 
direct applications. Equipment for fabricating fibres by means of electrospinning and 
forcespinning were designed and developed in the laboratory with the support of the engineers 
from the application department. 
 
Relevant infrastructure:  
The activity of Lab. 10 relies on several fully-equipped chemistry and electrochemistry 
laboratories (dedicated to different types of applications) as well as clean room infrastructure, 
essential for devices fabrication: 

 Electron-beam nanolithography equipment with Raith Elphy systems with laser 
interferometers and Hitachi S3400 and Zeiss Merlin compact electron microscopes; 

 Lithography/Mask Alignment EVG®620 NT system with nanoimprint capabilities; 
 CVD equipment for preparation of carbon-based nanostructures; 
 CVD equipment for deposition of semiconducting materials; 
 Laboratory for optical characterization including UV ɀ Vis absorption spectrometers 

(Carry 5 and Perkin Elmer 35), photoluminescence spectrometers (Edinburgh and 
Perkin Elmer LS55), near field photoluminescence microscope, plasmonic resonance 
spectrometer with potentiostat; 

 Liquid chromatography equipment with mass spectroscopy; 
 Laboratory for cytocompatibility testing, including cell culture facilities and multi-

parametric analysis methods (flow cytometry, spectrophotometry, fluorescence 
microscopy). 

 
Available services:  

 Scanning electron microscopy characterization of materials (micromorphology, 
composition); 

 Optical characterization by means of optical spectroscopy; 
 Development of equipment for producing micrometric and submicrometric fibres by 

means of electrospinning and forcespinning. 
 
Main results:  

 6 research projects (2 × PNRR; 2 × PCE; 1 × PED; and 1 × PD);  

 35 articles published in Web of Science®-indexed journals with impact factor (of 

which 14 with main author from Lab. 10); 

 1 EPO patent application; 
 1 OSIM granted patent; 
 9 OSIM patent applications. 

 
 



2024 ACTIVITY REPORT OF THE NATIONAL INSTITUTE OF MATERIALS PHYSICS, ROMANIA 

VII | P a g e 
 

Highlights:  
 Electronic and optical properties of ZnO nanowires/graphene nanohybrids [see J. Alloys 

Compd. 976 (2024) 173109 ]; 
 Multiferroic materials based on M-hexaferrites [see J. Alloys Compd. 983 (2024) 

173897 ]; 
 Submicron electrospun polymeric fibres coated with palladium for wearable sensors 

[see ACS Appl. Polym. Mater. 6 (2024) 2274 ɀ2283  & Talanta 280 (2024) 126684 ]; 
 Metallic thin films with various applications obtained by innovative techniques [see J. 

Magnes. Alloy 12 (2024) 3115 ɀ3134 ]; 
 Hydroxyapatites for biological and environmental applications [see Mater. Chem. Phys. 

324 (2024) 129690 ; Micron 184 (2024) 103661  & Ceram. Int. 50B (2024) 1742 ɀ
1755 ]; 

 Electrospun nanofibers and fibrillary scaffold for electrochemical cell biomarkers 
detection [see Smart Mater. Struct. 33 (2024) 015009  & Microchimica Acta 191 
(2024) 435 ]. 

 



2024 ACTIVITY REPORT OF THE NATIONAL INSTITUTE OF MATERIALS PHYSICS, ROMANIA 

VIII | P a g e 
 

LABORATORY 20  
Ȱ#ÏÍÐÌÅØ (ÅÔÅÒÏÓÔÒÕÃÔÕÒÅÓ ÁÎÄ -ÕÌÔÉÆÕÎÃÔÉÏÎÁÌ -ÁÔÅÒÉÁÌÓȱ 

HeCoMat 
 

Head of laboratory:  Dr. George STAN, Senior Researcher rank 1 (george_stan@infim.ro)  
 
Personnel:  33 members ɀ 9 × SR1, 3 × SR2, 8 × SR3, 2 × SR, 7 × RA, 2 × sub-engineer/engineer, 
and 2 × technician.  
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
23 team members hold PhD titles in physics (19), chemistry (2), electrical engineering (2), and 
materials engineering (1), including 1 PhD supervisor. Additionally, the team includes 4 PhD 
students and 2 MSc students. 
 
Main research directions:   

 Ferroelectric materials and related structures for electronic, optoelectronic and sensing 
applications (including non-volatile memories, UV and IR detectors, piezoelectric 
devices);  

 Materials and devices with application in microelectronics, photovoltaic conversion and 
light/particle detection (including field -effect transistors, hybrid perovskite and 
chalcogenide solar cells, and silicon-based particle detectors);  

 Superconducting and magnetic materials, strongly correlated electron systems; 
 Dielectric and ferroelectric materials for microwave devices (e.g., dielectric resonators, 

ferroelectric varactors, filters, antennas); 
 Materials for healthcare applications.  

 
Relevant infrastructure:   

HeCoMat possesses a noteworthy infrastructure, covering the entire technological chain 
from the preparation of materials in the form of powders, bulk and thin layers and their 
complex physico-chemical characterization, to the integration of the optimized materials into 
functional devices. Amongst the most important systems and equipment one can mention: 

 SURFACE SCIENCE pulsed lased deposition (PLD) work station (Fig. 20ɀ1a) equipped 
with: 2 deposition chambers, each with 4-target carousels; a KrF excimer laser with 248 
nm wavelength, repetition rate of 1 ɀ 10 Hz, and maximum energy of 700 mJ; control of 
laser fluence; substrate heating up to 1000 °C; control of working gases pressure; in-situ 
reflection high-energy electron diffraction (RHEED) capabilities. One reaction chamber 
is used to deposit ferroelectric layers based on perovskites and other metal oxides (e.g., 
doped ZnO, HfO2), whilst the other chamber is used to prepare superconductor thin-
films. 

 SURFACE SCIENCE hybrid system for thin-films synthesis from temperature-sensitive 
materials by (i) matrix assisted pulsed laser evaporation (MAPLE) and (ii) PLD, 
constituted of: a deposition chamber with in-situ freezing facilities for targets (e.g., 
frozen suspensions of organic materials or inorganic nanoparticles in a support matrix); 
a KrF excimer laser with 248 nm wavelength, 1 ɀ 10 Hz repetition rate, and 700 mJ 
maximum power; maximum heating temperature of the substrate: 500 °C ɀ MAPLE & 
700 °C ɀ PLD. 

 Multi -cathode radio-frequency (RF), direct current (DC) and pulsed direct current (p-
DC) magnetron sputtering (MS) systems with various facilities: bias, etching and heating 
(up to 800 ° C) of substrates; vacuum load-lock for sample transfer; vacuum systems 
(down to ~10 -6 Pa); computerized control and process automation. The latest MS 

mailto:george_stan@infim.ro
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equipment, AJA PHASE II J, purchased in 2016, is shown in Fig. 20ɀ1b. Each MS system 
in Laboratory 20 is dedicated to a distinct class of materials: metallic contacts; 
semiconductor and dielectric materials; biocompatible materials. 

 Chemistry laboratory for the preparation of powders, bulk materials and thin-films by 
chemical (wet) methods, equipped with high-temperature annealing furnaces; spin-
coating systems; fume hoods, aggregate mills; weighting scales; in-house made glove-
boxes; glassware; etc. 

 Doctor blade/Slot-die MTI system for large area deposition equipped with 100 mm 

width adjustable micrometre applicator, a slot-die head and an adjustable speed syringe 

pump. Additionally, two in-house built Doctor blade/Slot-die systems are also available. 

 Spray pyrolysis facilities. 

 Professional Glove-box MBraun with two chambers (3 and 4 gloves), with integrated 

spin-coater and closed cycle gas purification system capable of maintaining an 

atmosphere with H2O and O2 under 0.1 ppm and with a solvent filter. 

 Laboratory for the preparation of piezoelectric and superconducting materials, 
polycrystals and single crystals. 

 Ceramic materials 3D printing laboratory, equipped with a NORDSON EFD, EV series, 
robocasting (direct ink writing) printing system, with Ulti mus V dispenser; an ANTON 
PARR MCR302e modular rheometer; and a THINKY ARE-250 ceramic mixing & 
degassing machine. 
 

  
Fig. 20ɀ1a PLD workstation assembly, SURFACE 

SCIENCE, for the deposition of ferroelectric thin-films. 
Fig. 20ɀ1b RF, DC and p-DC magnetron 
sputtering system, AJA PHASE II, for the 
deposition of semiconductor thin-films. 

 
 X-ray diffraction systems for structure analysis of thin-films (a RIGAKU SmartLab 3 

kW/2017 from room -temperature to 1100 °C and a BRUKER D8 Advance/2006) and 
powders (ANTON PAAR XRDynamic500 ɀ from 600 °C to ɀ180°C and a BRUKER D8 
Advance/2007). 

 Optical and structural characterization systems, including a (i) variable angle 
spectroscopic ellipsometer (WOOLLAM) with wavelength range 200 ɀ 1700 nm (6.2 ɀ 
0.73 eV), angle of incidence (35 ɀ 90°), automated sample translation stage (for 
mapping) 150 mm × 150 mm, and an Instec temperature control stage (-160 ɀ 600 °C) 
and (ii) a near infrared (NIR), infrared (midIR) and far infrared (farIR) Fourier 
transform infrared (FTIR) JASCO spectrometry platform, encompassing the 12000 ɀ 50 
cmɀ1 spectral range. VASE Woollam can be used in the following modes: (i) reflection 
ellipsometry on semiconductor/dielectric thin -films or multilayers (inferred sample 
parameters: thicknesses, refractive index, extinction coefficient, absorption coefficient, 
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dielectric function, band gap, critical point energies, electrical parameters for 
degenerate semiconductors ɀ resistivity/conductivity, carrier density, scattering time, 
carrier mobility, phase transition in the temperature range -160 ɀ 600 °C); and (ii) 
transmission ellipsometry on uniaxial/biaxial crystals, glasses and glass ceramics 
(derived sample parameters: linear birefringence and linear dichroism, Verdet 
constant/ Faraday rotation). 

 Surface investigation by scanning probe microscopy (SPM) in contact or non-contact 
mode with piezoelectric (PFM), magnetic (MFM) or conductive (C-AFM) response. 

 Electrical measurements laboratory, including: 2 LAKE SHORE cryo-probers for 
electrical measurements in the temperature range of 10 ɀ 400 K; one with vertical 
magnetic field up to 2.5 T, and one with horizontal magnetic field up to 1.5 T, each with 
at least 3 micro-manipulated arms with contact needles allowing electrical 
measurements from liquid helium to 400 K under various electric/magnetic fields and 
illumination conditions; 4 cryostats, covering a temperature range between 10 ɀ 800 K; 
DLTS (deep-level transient spectroscopy) and TSC (thermally stimulated current) 
systems  for the investigation of electrically active defects (charge carrier traps) in 
materials and MOS-like structures; set-up for pyroelectric measurements; ferritesters; 
various instruments for measuring currents, resistances and voltages (electrometers, 
nanovoltmeters, Lock-In amplifiers); voltage and current sources; RLC bridges; and 
impedance analysers. These facilities are used to perform complex characterization of 
electrical (hysteresis loops; C-V and I-V characteristics; impedance spectroscopy; defect 
spectroscopies; etc.) and superconductive properties (electron transport, 
thermodynamics, magnetic-field penetration depth measurements); determination of 
the d33 piezoelectric coefficient; Kelvin probe and Hall measurements. 

 Solar cells testing laboratory (Fig. 20ɀ2), with two Newport LED solar simulators 
(aperture 50 mm × 50 mm), VeraSol-2 AAA Class and a MiniSol ABA Class), with AM 1.5G 
solar spectrum and adjustable power coupled with a Keithley source 2601. A system for 
measuring the Quantum Efficiency (EQE and IPCE) with accessories, working in the 250 
ɀ 2500 nm spectral range, is available.  

 Microwave dielectric materials and devices testing laboratory, including:  
o Vector Network Analyser PNA 8361A from Agilent (0.01 ɀ 67 GHz) for two-ports 

complex S parameters. It uses electronic calibrator Agilent N4694-60001 in the 
range of 0.01 ɀ 67 GHz. For access, 1.9 mm, 2.9 mm, 2.4mm, 3.5 mm, SMA or N 
connectors or adaptors are used.  

o Vector Network Analyser PNA-X N5245A from Agilent (0.1 ɀ 50 GHz standalone) 
with 4 ports and dual sources. It allows measurements of the S and X non-linear 
parameters. By using the millimetre  wave extensions, the system covers a wide 
frequency band up to 500 GHz. Each extension pair allows the measurement of 
the two-ports parameter of waveguide devices. The millimetre  wave extensions 
are from Agilent/OML (N5260A V10 VNA2, WR-10, 75-110 GHz; N5260A V06 
VNA2, WR-06, 110-170 GHz; N5260A V05 VNA2, WR-05, 140-220 GHz; N5260A 
V03 VNA2, WR-03, 220-325 GHz; N5260A V02.2 VNA2, WR-02.2, 325-500 GHz). 

o Anechoic chamber with internal dimensions 3040 mm × 4100 mm × 2800 mm, 
for antenna characterizations (e.g., directivity parameter) in the range of 0.9 ɀ 40 
GHz. 

o Microprobe station for direct on-wafer measurements of two-ports in the 
frequency range 0.1 ɀ 67 GHz by using GSG probes with 150 µm and 100 µm 
pitches.  

o THz-TDS spectrometer from AISPEC Pulse IRS 2000 Pro, operating in the range 
of 200 GHz ɀ 5 THz.  
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 In the framework of collaborative research activities, HeCoMat can access other NIMP 
infrastructures, such as: TEM and SEM equipment; XPS characterization (including at 
Elettra Synchrotron Trieste); magnetic measurements (SQUID, PPMS); other optical 
spectroscopy techniques (Raman, UV-Vis-NIR, luminescence); clean-room 
(photolithography, dry etching); and in-vitro  preliminary biological testing of materials. 

 

 
Fig. 20ɀ2 Solar cells testing laboratory. 

Available services:  

 Preparation of materials (nano-powders; bulk ceramics; fabrication of thin -films by 
various techniques, including chemical methods, CVD and PVD techniques); 

 Investigation of charge carrier traps by DLTS and TSC; 
 Electric characterization of materials in a wide temperature range, under electric and 

magnetic fields; 
 Investigation of pyroelectric properties; 
 Fabrication and characterization of materials by electrochemistry; 
 Fabrication and characterization of perovskite solar cells; 
 Fabrication and characterization of microelectronic devices (e.g., FET, MOS); 
 Characterization of microwave, millimetre  waves and terahertz materials and devices;  
 Antenna characterization (antenna directivity) in anechoic chamber in the frequency 

band from 900 MHz to 40 GHz;  
 Electromagnetic design for microwaves devices/structures by using high accuracy 

software packages such as CST Studio Suite, Ansoft HFSS, and Ansoft Designer;  
 Deposition of biocompatible (ceramic and glass) coatings on metallic implants; 
 Characterizations by (a) reflection ellipsometry on semiconductor/dielectric thin -films 

or multilayers (thicknesses, refractive index, extinction coefficient, absorption 
coefficient, dielectric function, band gap, critical point energies, electrical parameters for 
degenerate semiconductors ɀ resistivity/con ductivity, carrier density, scattering time, 
carrier mobility, phase transition in the temperature range -160 ɀ 600 °C); and (b) 
transmission ellipsometry on uniaxial/biaxial crystals, glasses and glass ceramics 
(optical constants, linear birefringence and linear dichroism, Verdet constant/ Faraday 
rotation).  

 XRD characterizations for crystalline phase identification and their quantitative 
analysis; determination of the lattice parameters, average size of crystallites, macro- and 
micro-strains, preferred orientation, etc; analysis of homo- and hetero-epitaxial 
structures; X-ray reflectometry analyses for inferring the thickness, density and 
roughness of the surface and interfaces of amorphous and crystalline layers and multi-
layers; etc. 

 FTIR spectroscopy analyses in transmission, specular reflectance (including at grazing 
incidence), attenuated total reflectance ɀ ATR (RT ɀ 180 °C), diffuse reflectance ɀ DRIFT 
(RT ɀ 500 °C) and integrating sphere modes. 

 Morpho-compositional analyses by HR-SEM ɀ EDXS; 
 Surface characterization of materials by AFM, PFM, MFM, and C-AFM. 
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Main results:  
 12 research projects (1 × PD; 1 × PCE; 1 × PED; 1 × PTE; 3 × CERN; 1 × SEE; 1 × RONAQCI; 

1 × Sectorial; 1 × M-ERA.NET; and 1 × PNRR);  

 34 articles published in Web of Science®-indexed journals with impact factor (of which 

14 with main author from Lab. 20); 
 3 OSIM granted patents; 
 7 OSIM patent applications. 

 
Highlights:  

 Successful execution of the economic contract with Swarm European Services, focused 
on research in memristors for cryptographic key applications. 

 Successful completion of the EEA-Norway funded project PERLA-PV, which aimed to 
develop cost-effective, large-area printing technologies for perovskite solar cells (PSCs) 
while addressing toxicological and environmental concerns associated with hazardous 
elements and solvents in the fabrication process. PERLA-PV brought together five 
research institutions: National Institute of Materials Physics (Romania, coordinator), 
University of Oslo (Norway), Reykjavik University (Iceland), Horia Hulubei National 
Institute for R&D in Physics and Nuclear Engineering (Romania), and Tritech Group 
(WATTROM, Romania, SME end-user). The project focused on: (1) Developing scalable 
printing technologies for large-area deposition of all PSC layers; (2) Engineering 
perovskite compositions to diminish degradation effects and enhance stability of PSCs 
while implementing environmentally friendly solvent strategies; (3) Investigating 
degradation mechanisms in PSCs through experimental and theoretical studies of 
materials and interfaces to enhance device durability. 
Key outcomes of PERLA-PV include the development of fully printable, cost-effective 
PSC fabrication techniques, which are readily scalable for industrial production & the 
knowledge gained on the chemistry, physical properties, and charge transport 
mechanism in PSCs.  The project successfully produced large-area perovskite solar cells 
and mini-photovoltaic panels, with fully printing-like and cost-effective techniques for 
all of the different layers in a PSC (inorganic, hybrid, and organic compounds). The 
printing technologies developed in PERLA-PV are readily scalable to an industrial level, 
representing a significant achievement for both the scientific community and industry 
by advancing fundamental knowledge and practical applications in the field. PERLA-PV 
resulted in 10 scientific articles, 1 patent, and functional PSC devices and photovoltaic 
modules. Project details, reports, and outputs are freely accessible at https://perla -
pv.ro/ . Recognizing its impact, the project was selected among the top five EEA projects 
with notable results. 

 We demonstrated the ferroelectric switching at both the nanoscale and macroscopic 
levels by producing Ba0.8Sr0.2TiO3 ceramics down to 77 nm ɀ an achievement not 
previously reported for this composition. The study [see Prog. Solid State Chem. 74 
(2024) 100457 ] showed a significant decrease in permittivity and a stable Curie 
temperature. Grain size reduction was attained through spark plasma sintering of 
ÎÁÎÏÐÏ×ÄÅÒÓ ɉÍÅÁÎ ÐÁÒÔÉÃÌÅ ÓÉÚÅ Ђχπ ÎÍɊ ÕÎÄÅÒ ÖÁÒÙÉÎÇ ÃÏÎÄÉÔÉÏÎÓȢ 3ÕÂÍÉÃÒÏÎ-
structured samples exhibited stronger ferroelectric properties than ultrafine ceramics, 
×ÈÉÃÈ ÃÁÎ ÂÅ ÅØÐÌÁÉÎÅÄ ÂÙ Á ÍÕÌÔÉÐÈÁÓÅ ÃÏÅØÉÓÔÅÎÃÅ ÍÏÄÅÌ ÁÎÄ ȰÄÉÌÕÔÉÏÎȱ ÅÆÆÅÃÔÓ ÆÒÏÍ 
non-ferroelectric boundaries. These findings expand the understanding of grain-size-
ÄÅÐÅÎÄÅÎÔ ÐÈÅÎÏÍÅÎÁ ÉÎ "Á4É/ϝ-based systems and offer new perspectives for 
optimizing lead-free, fine-grained ferroelectric ceramics for high-performance energy 
storage, sensing, and actuation applications. 

https://perla-pv.ro/
https://perla-pv.ro/
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 Advances toward energy-efficient neuromorphic computing were made with the 
demonstration of a novel ferroelectric memristor based on an epitaxial HZO/SrTiO3ɀ‏/ Si 
structure. The device operates at low-ÖÏÌÔÁÇÅ ɉЅς 6Ɋȟ ÅØÈÉÂÉÔÓ ÕÌÔÒÁ-low energy 
consumption (~8 fJ per event), and supports multi-level conductance states. Structural 
and electrical characterizations confirm robust ferroelectricity and synaptic plasticity. 
By incorporating a semiconductor electrode, this approach enhances device stability 
and scalability, addressing key challenges in ferroelectric non-volatile memories. These 
findings contribute to the development of brain-inspired hardware with power-
efficient, bio-realistic learning capabilities [ see Adv. Funct. Mater. 34 (2024) 
2311767 ]. 

 Research was focused on the critical analysis of the wetting properties and 
ÐÈÏÔÏÃÁÔÁÌÙÔÉÃ ÅÆÆÉÃÉÅÎÃÙ ÏÆ ÅÎÇÉÎÅÅÒÅÄ ÇÌÁÓÓ ÓÕÒÆÁÃÅÓ ÃÏÁÔÅÄ ×ÉÔÈ 4É/Ϝ ÎÁÎÏÐÁÒÔÉÃÌÅÓ ÆÏÒ 
self-cleaning applications. The TiO2 layers were obtained using a simple spraying 
method, a technique well-suited for industrial processing of large-area substrates, 
regardless of the material type (plastic, metal, glass, or ceramic). Its cost-effectiveness 
stems from the accessibility and easy maintenance of its components. As highlighted in 
our study, the self-cleaning functionality of TiO2 layers is predominantly influenced by 
their surface topography. We demonstrated that optimizing spraying pressure during 
deposition and adjusting post-annealing temperatures effectively enhances these 
properties. Our results showed an impressive 100% cleaning efficiency in both thick and 
thin TiO2 films while maintaining optical transparency between 60% and 80% in the 
visible spectrum. Furthermore, we established the dual capability of these engineered 
TiO2 surfaces for high-efficiency cleaning and effective disinfection. These findings offer 
valuable insights for the development of advanced materials applicable in construction, 
automotive, healthcare, solar energy, and environmental protection [see Ceram. Int. 
50B (2024) 42264 ɀ42275 ]; 

 Efforts to combine osteogenic and piezoelectric stimuli within hydroxyapatite (HA) and 

barium titanate (BT) ceramic couples have been pursued for a new generation of 

synthetic bone graft substitutes. In a multi-parameter study, we demonstrated that in a 

conventional sintering regime, the reactivity of BT-HA mixture constituents cannot be 

avoided at temperatures exceeding 800 °C, regardless of their ratio, crystalline quality, 

or particle size. This not only resulted in a decline in piezoelectric properties but also 

led to poor cytocompatibility. To address this, a simple and cost-effective solution was 

proposed and validated: deposition of HA coatings on the surface of pre-sintered BT 

discs using industrial-ready radio-frequency magnetron sputtering technology. This 

approach proved to be highly promising for successfully and uncompromisingly 

coupling the piezoelectric and osteogenic properties of ceramics [see Ceram. Int. 50 

(20 24) 29711ɀ29728 ].  

 We explored new manganites for room-temperature micro-scale magnetic cooling, 

highlighting two promising compositions. La0.67Ba0.13K0.20MnO3 prepared by the Pechini 

method, showed a relatively large magnetic entropy change (MCE) and relative cooling 

power (RCP) of 4.23 JkgϺ1KϺ1 and 225 JkgϺ1, respectively, at a magnetic transition 

temperature (TC) of 316 K under a 5 T applied magnetic field [see J. Alloys Compd. 976 

(2024)  173257 ]. Similarly, La0.8K0.1Pb0.1MnO3 bulk perovskite, synthesized by flash 

combustion reaction followed by a sintering process at 1200 °C, exhibited a high and 

sharp peak in MCE of 5.5 JkgϺ1KϺ1 and RCP of 219 JkgϺ1, at a TC of 289 K, also under 5 T 

[see J. Mater . Sci.ɀMater . Electron . 35 (2024) 2138 ].  

 We investigated the impact of sulfurization and thermal treatment on the 

microstructure and composition of quinary/quaternary chalcogenide light absorbers 
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for photovoltaics, obtained via solution-based approaches: (i) using spin-coating of 

quasi-protic molecular ink, we examine the solubility limits of cobalt in Cu2ZnSnS4 [see 

Appl. Surf. Sci. 672 (2024) 160848 ]; (ii) employing co-electrodeposition, we identified 

the most suitable additive for obtaining Cu2CoSnS4 at fixed applied potential [see J. 

Electroanal. Chem. 959 (2024) 118177 ]; and (iii ) through spray pyrolysis, we 

explored the effect of different substrate temperatures on the formation of single-phase 

Cu2BaSnS4 [see Materialia 36 (2024) 102178] .  

 We conducted an exhaustive characterization of potassium phosphates for energy 

storage obtained by solid-state reaction. Our findings revealed that copper-based 

chromium phosphates exhibit the most efficient charge mobility  and the highest a.c. 

conductivity compared to those with nickel or cobalt [see J. Alloys Compd. 1009  (2024) 

176870 ], Furthermore, substituting Ba2+ by Sr2+ in KBa1ɀxSrxCr2(PO4)3 Langbeinite-type 

phosphate led to the highest specific capacitance of 3.86 F/g for KBa0.5Sr0.5Cr2(PO4)3, 

with an energy density of 343 mWh/kg and a power density of 30.9 kW/kg. This 

composition also presented the lowest impedance, highlighting its potential for energy 

storage applications [see Materialia 36  (2024) 102147 ]. 
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LABORATORY 30  
Ȱ-ÁÇÎÅÔÉÓÍ ÁÎÄ 3ÕÐÅÒÃÏÎÄÕÃÔÉÖÉÔÙȱ 

ECMS 
 
Head of laboratory : Dr. Victor KUNCSER, Senior Researcher rank 1, Habil. (kuncser@infim.ro) 
 
Personnel:  34 members ɀ 7 × SR1, 7 × SR2, 7 × SR3, 3 × SR, 3 × RA, 2 × technological 
development engineer (1 × TDE2 and 1 × TDE3), 1 engineer, and 4 × technician.  
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
27 team members hold PhD titles in physics and chemistry, including 2 PhD supervisors coordinating 

1 ï 2 PhD students annually. In addition, the team includes 3 PhD students. 

 
Main research directions:  

 Fundamental and applied research in the field of magnetic and magneto-functional 
materials for actuator and sensoristic applications as well as in the field of 
superconductivity, mainly targeting materials with superconducting properties with 
potential for practical applications. The research process covers all stages, from 
preparation (bulk materials, thin-films or nanostructures) to structural and electronic 
characterization, completed with a deep analysis of the magnetic and superconducting 
properties, respectively.  

 Related to the magnetic behaviour, mainly the functionalities mediated by magnetic 
reconfiguration controlled by temperature, magnetic and electric fields, applied or from 
interface interactions, are envisaged. The research is focused especially on the study of 
0D, 1D and 2D nanostructures. In the case of magneto-functional structures, magnetic 
systems of nanoparticles, thin-films and multilayers, materials for colossal 
magnetoresistance (CMR), giant magnetoresistance (GMR) and tunnelling 
magnetoresistance (TMR), soft and hard magnetic materials, Heusler compounds with 
spin polarization, heterogeneous multiferroic systems, magneto-caloric materials, 
diluted magnetic oxides/semiconductors, thermo-electric systems, etc are envisaged. In 
addition, bulk materials, advanced hybrid systems and composites/nanocomposites 
destined to operate in extreme conditions such as the ones in fusion and fission reactors, 
particle accelerators and in space, are investigated. Interactions at the interface and 
functionalities induced by them in nanostructured hybrid systems such as soft 
magnet/hard magnet (exchange-spring), ferromagnet/antiferromagnet (exchange-
bias), ferromagnet-ferroelectric (magneto-electric coupling) represent other fields of 
interest related to fundamental and applicative aspects of smart multi-functional 
systems. In specific cases, the experimental studies are completed by theoretical studies 
approaching electronic configurations based on Density Functional Theory (DFT) and 
magnetic configurations based on finite-element simulation programs. 

 Related to the superconducting behaviour, studies of vortex matter, dynamics and 
pinning and nano-engineering of artificial pinning centres for high-magnetic field 
applications are envisaged. Exploration of fields of applicability of these materials and 
related ones considering, beyond superconductivity, other that may be important for 
applications, such as mechanical, biological, optical are also considered. The studied 
materials are mainly cuprate high temperature superconductors Y (rare earth) 
Ba2Cu3O7 (RE123) with nano-engineered pinning centres, Bi- and La-based 
superconducting cuprates, MgB2 (with various additions for increasing pinning 
properties), iron-based pnictide and chalcogenide multicomponent superconductors 
and low temperature (classic) metallic and intermetallic superconductors. Other 
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materials of interest are CeO2, SrTiO3, LiPdPtB, PdO, boron/carbide composites, selected 
steels, and archaeological ceramic materials. Most of the materials are obtained in the 
laboratory in various forms: powders, polycrystalline bulk samples, single crystals, 
wires/tapes, nanostructures, heterostructures and nanocomposites. The group uses 
advanced techniques for obtaining or processing materials: conventional powder 
synthesis in controlled atmosphere, cryochemistry or energy milling, crystal growth in 
flux or by melting zone, growth of thin films by laser ablation, sintering by spark plasma, 
lamination, arc melting, etc.  
 

Relevant infras tructure:   
Amongst important research equipment, considering preparation facilities as well as 
characterization ones, the following can be listed:  

 Spark plasma sintering, hot pressing sintering, microwave sintering (Fig. 30ɀ1); 
 Melt-spinning and various ball mills; 
 Nanoparticle preparation systems by hydrothermal / solvothermal synthesis in 

autoclave and centrifugation for separation by sizes); 
 RF/DC sputtering deposition system for magnetic thin-films and multilayers with 4 

sources and base pressure in the range of 10ɀ9 mbar; 
 Facility for inducing thermal transfer in radiofrequency magnetic field to determine 

specific absorption rates in dispersed nanoparticle systems; 
 Thermogravimetric and differential scanning calorimetry systems; 
 Vibrating Sample Magnetometry system in magnetic fields up to 9 Tesla; 
 Mossbauer spectrometers with different accessories to perform measurements at 

variable temperatures (4.5 K ɀ 1000 K) and in applied fields, via the detection of gamma 
radiation / X- rays / conversion electrons (the only group in Romania active in 
Mossbauer Spectroscopy) (Fig. 30ɀ1); 

 Complex system for measurements of physical properties (PPMS) with magnetic fields 
up to 14, DynaCool System in up to 9 T and a SQUID type magnetometer (Fig. 30ɀ1) 
working in 7 T down to 2 K from Quantum Device with the corresponding facility for 
liquid He production (18 L/24 h);  

 Magnetic texturing of thin-films is investigated by vectorial MOKE magnetometry;  
 For high temperature domain, the laboratory possesses a Laser Flash Analyser system 

that allows the determination of thermal diffusivity, specific heat and thermal 
conductivity of the volume materials or multilayers (3 layers, including liquids) in the 
range 25 ɀ 1100 °C, a dilatometer (Netzsch 402 C, 2015) to determine thermal expansion 
coefficients (25 ɀ 1600 °C) and an equipment (Netzsch, Nemesis 2015) to determine 
electrical conductivity and Seebeck coefficient (25 ɀ 800 °C); 

 In order to determine the composition in bulk / powder systems, an X-ray fluorescence 
device is available, while for very low concentrations/quantities the group possesses an 
inductively coupled plasma mass spectrometer (ICP-MS) (Fig. 30ɀ1), with an extension 
for thin film analysis by laser ablation (LA), the last one being acquired in 2019; 

 Mechanical properties are determined in quasistatic regime up to 1700 ̄C, using a 
recently-acquired equipment (INSTRON). 
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Fig. 30ɀ1 ICP-MS with LA for thin-films (upper left), Mossbauer spectrometers with closed circuit He 
cryostats (lower left) and SQUID device ɀ Quantum Design, of high sensitivity (middle). Spark plasma 

sintering plant (FCT Systeme GmbH) used to obtain high density bulk materials (right). 

 
Available services:  

 Preparation of metallic and intermetallic compounds in the geometry of thin -films, 
ribbons or bulk; 

 Synthesis of materials that are important for applications using state-of-the-art powder 
metallurgy techniques;  

 Lyophilization from frozen materials; 
 Treatment of powders and thin-films at high pressures and temperatures in non-

corrosive gas atmosphere (hydrogen, nitrogen, methane, carbon dioxide, helium) and 
measurement of the formation kinetics and thermodynamics of the materials obtained 
by gas-solid reaction; 

 High sensitivity magnetometry to characterize the magnetic properties of the elements 
(bulk, powders and nano-powders, ribbons and nanocomposites, 0-, 1- and 2-
dimensional nanostructures); 

 Characterization of the thermodynamic and transport properties (thermal, electric) of 
the materials in a large temperature domain; 

 Determination of the Debye temperature, specific heat and entropy variation of solid 
materials in the temperature range of 2 ɀ 300 K and in a magnetic field between 0 and 
14 T; 

 Determination of thermal conductivity of solid materials in the temperature range of 2 
ɀ 300 K and in a magnetic field between 0 and 14 T; 

 Complex characteristics and specific local configurations and magnetic interactions in 
materials containing iron, evidenced by all techniques of Mossbauer spectroscopy;  

 Specific temperature-dependent properties evidenced by modern differential thermal 
analysis methods, differential calorimetry and mass spectrometry; 

 Atomistic simulation within the DFT of the materials for advanced applications and 
finite element micromagnetic modelling;  

 Preparation/processing by various techniques of powders, single-crystals, thin 
films/heterostructures/nanostructures, bulks, composites;  

 Magnetic and transport measurements on superconducting materials;  
 Analysis of experimental data obtained on superconductors with the determination and 

modelling of critical parameters (critical temperature, critical current density, 
irreversibility field, pinning force and pinning mechanisms, trapped field, vortex pinning 
energies, Debye temperature, and others); 
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 Mechanical measurements in quasistatic regime up to 1700 ̄C (bending/compression 
of hard materials); 

 Analysis of mechanical properties and correlation with fractography aspects; 
 Targets fabrication for thin film deposition. 

The group also  develops materials and technologies for a number of applications: 
superconducting thin layers and coated conductors from high critical temperature cuprates 
containing nano-engineered pinning centres; superconducting MgB2 wires/tapes in metallic 
sheath; MgB2-based magnetic storage devices, magnetic concentrators and magnetic 
shieldings; MgB2-based powders, coatings and bulks for biomedical applications; boron-based 
super-hard materials for tools and extreme high temperature applications, integrated 
multifunctional devices.  
 
Main results:  

 17 research projects (1 × SOL; 1 × SEE; 4 × EURATOM; 4 × PED; 1 × PCE; 2 × TE; 2 × PD; 

1 × SNFR; and 1 × INUMMAT);  

 34 articles published in Web of Science®-indexed journals with impact factor (of which 

19 with main author from Lab. 30); 

 1 OSIM granted patent; 
 9 OSIM patent applications. 

 
Highlights:  

 Design and characterization of novel RE-free based exchange spring magnetic 
nanocomposites with enhanced magnetic performances [see Sci. Rep. (2024) 17029]; 

 Investigation of the magnetic behaviour and exchange bias effects in Fe-FeO-ZnO 
nanocomposites [see Results Phys. 58 (2024) 107469 ]; 

 Investigations of image potential states of 2D materials [see Appl. Mater. Today 39 
(2024) 102304 ]; 

 Investigation of local structure and magnetic interactions in non-stoichiometric Mg0.5 
Ca0.5Fe2O4 nanoferrites by magnetometry and Mössbauer spectroscopy [see Ceram. Int. 
50 (2024) 6025 ]; 

 Magnetocaloric properties of bulk perovskite manganites [see J. Mater. Sci.ɀMater. 
Electron. 35 (2024) 2138 ]; 

 Evidence of skyrmion phase in Fe-Co-Si systems obtained by mechanochemical 
activation [see Physica B Condens. Matter 688 (2024) 416153 ]. 
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LABORATORY 40  
Ȱ3ÕÒÆÁÃÅ ÁÎÄ )ÎÔÅÒÆÁÃÅ 3ÃÉÅÎÃÅȱ 

 
Head of laboratory : Dr. Cristian Mihail TEODORESCU, Senior Researcher rank 1, Habil. 
(teodorescu@infim.ro)  
 
Personnel : 22 members ɀ 2 × SR1, 4 × SR2, 6 × SR3, 1 × TDE3, 4 × SR, 3 × RA, and 2 × technician. 
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
17 team members hold PhD titles in physics (12), chemistry (1), materials engineering (3), and 
electronics (1), including 1 PhD supervisor. Additionally, the team includes 3 PhD students in 
physics. 
 
Main research directions:  

 SurfÁÃÅ ÁÎÄ ÉÎÔÅÒÆÁÃÅ ÁÎÁÌÙÓÉÓ ÂÙ ÐÈÏÔÏÅÌÅÃÔÒÏÎ ÓÐÅÃÔÒÏÓÃÏÐÉÅÓ ɉ803%3#״!ȟ !2503ȟ 
spin-resolved PES, PED) in situ electron diffraction (LEED, RHEED), AES, scanning 
ÔÕÎÎÅÌÌÉÎÇ ÍÉÃÒÏÓÃÏÐÙ ÁÎÄ ÓÐÅÃÔÒÏÓÃÏÐÙ 34-343״ȟ ÐÈÏÔÏÅÌÅÃÔÒÏÎ ÓÐÅÃÔÒÏÍÉÃÒÏÓÃÏÐÙȟ 
low energy and pÈÏÔÏÅÍÉÓÓÉÏÎ ÅÌÅÃÔÒÏÎ ÍÉÃÒÏÓÃÏÐÙ ɉ,%%-0%%״-ɊȠ 

 Surfaces, thin-films and heterostructure preparation by molecular beam epitaxy (MBE); 
 Theoretical aspects of ferroic systems. 

New subjects: 
 Analysis of ferroelectric surfaces, band bending in heterostructures; 
 Molecular reactions at ferroelectric surfaces; 
 In plane conduction properties of 2D systems on ferroelectric surfaces; 
 Ȭς$ ÎÁÎÏÒÅÁÃÔÏÒÓͻȟ ÍÏÌÅÃÕÌÁÒ ÒÅÁÃÔÉÏÎÓ ×ÉÔÈ ÒÅÁÃÔÁÎÔÓ ÓÔÁÂÉÌÉÚÅÄ ÂÅÔ×ÅÅÎ ÇÒÁÐÈÅÎÅ 

layers and substrates; 
 Spin asymmetry in band structure of 2D systems; 
 Photocatalysts with internal junctions; 
 Multiferroic structures with indirect exchange or coupling through charge 

accumulation; 
 Theoretical developments in the area of ferroic thin-films (ferroelectric, ferromagnetic); 
 Ferromagnetic and ferroelectric domains; 
 Development of new devices operating in ultrahigh vacuum (effusion cells, evaporators, 

manipulators); 
 Development of software packages for data analysis. 

 
Relevant infrastructure:  

 A complex cluster for surface and interface science (Specs, Fig. 40ɀ1), composed by: (i) 
a chamber for photoelectron spectroscopy (XPS, ESCA, UPS, AES); (ii) a molecular beam 
epitaxy (MBE) chamber with in situ follow-up by low energy electron diffraction (LEED) 
and reflection high energy electron diffraction (RHEED) and residual gas analysis; (iii ) a 
chamber for scanning tunnelling microscopy and spectroscopy (STM/STS) and non-
contact atomic force microscopy (AFM) with atomic resolution; (iv) load-lock and 
storage of samples in ultrahigh vacuum; 

 An installation for X-ray photoelectron spectroscopy with possibilities of restricted area 
analyses (lateral resolution 2 µm) and automated change of samples / measuring areas, 
coupled to a reaction cell at high pressures and temperatures (Kratos, Fig. 40ɀ2); 

 A complex cluster for surface and interface science (Specs, Fig. 40ɀ3), delocalized 
actually on the SuperESCA beamline at the Elettra synchrotron radiation facility in 
Trieste (Combined Spectroscopy and Microscopy on a Synchrotron ɀ CoSMoS), 
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composed by: (i) a chamber for photoelectron spectroscopy (XPS, ESCA, UPS, AES) with 
angle and spin resolution (ARPES, XPD, ARUPS, SR-UPS); (ii) a molecular beam epitaxy 
(MBE) chamber with in situ follow-up by low energy electron diffraction (LEED) and 
reflection high energy electron diffraction (RHEED) and residual gas analysis; (iii ) a 
chamber for scanning tunnelling microscopy and spectroscopy (STM/STS); (iv) load-
lock and storage of samples in ultrahigh vacuum. This installation has allocated each 
semester from EÌÅÔÔÒÁ υ ÄÁÙÓ ÏÆ ȵÉÎ-ÈÏÕÓÅ ÒÅÓÅÁÒÃÈȱ ÂÅÁÍÔÉÍÅ ÁÎÄ φ ÄÁÙÓ ÏÆ ÂÅÁÍÔÉÍÅ 
allocated based on research projects, reserved only from projects from Romania. In 
addition to synchrotron radiation beamtime, photoelectron spectroscopy using 
laboratory sources, or other experiments STM/STS, LEED, RHEED, Auger, etc are 
possible at any time, provided the personnel is able to travel at Elettra; 

 An installation for low energy and photoemission electron microscopy: LEEM ɀ PEEM, 
micro LEED, micro ARUPS (Specs). The installation is able to perform simultaneous 
imaging (i.e., without scanning) of surfaces by using low energy electrons or 
photoelectrons produced by UV radiation. In the LEEM mode, the lateral resolution is 
about 5 nm, and in the PEEM mode about 50 nm. The advantages of using this 
installation are: (i) the possibility to record immediate imaging, to realize movies, to 
follow-up in real-time surface modifications; (ii) the fact that one uses low energy 
electrons makes this method suitable for delicate surfaces, which otherwise would be 
damaged by high energy electrons such as the ones used in scanning electron 
microscopy (SEM); (iii ) one may obtain structural or electronic structure (densities of 
states, dispersion laws) information on nanometre scale. 

 Setup for extended X-ray absorption fine structure (EXAFS). Excitations: Mo Kɻρ 
(17479.34 eV), W Lɻρ (8397.6 eV), power 3 kW (40 kV, 75 mA); Ge(220), Ge(400), 
Ge(840) monochromators; detectors: proportional counters, scintillation detectors; 
measurement in transmission or fluorescence; simulation and analysis software. 
Produced by Rigaku, Tokyo, Japan. 

 Magneto-optical Kerr effect microscope with possibilities of in-plane and out-of-plane 
magnetic fields up to 1 T, resolution 500 nm. 
 

 
Fig. 40ɀ1 The first cluster of ÓÕÒÆÁÃÅÓ ÁÎÄ ÉÎÔÅÒÆÁÃÅÓ ɉÔÈÅ ȰÍÕÌÔÉ-ÍÅÔÈÏÄ ÓÙÓÔÅÍȱ ÃÏÕÐÌÅÄ ÔÏ -"%Ɋȟ ÌÏÃÁÔÅÄ ÁÔ 
NIMP. With red, the principal components are denoted (XPS, STM, MBE). With yellow, the main devices. Other 

photographs from this panel plot the working pressures, the quality of XPS spectra, LEED and STM images. 
Produced by Specs, Berlin, Germany. 
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Fig. 40ɀ2 The installation for photoelectron spectroscopy with possibilities of analysis on micrometre areas and 
provided with a cell for sample treatment at elevated pressures and temperatures (4 bar / 1000 °C). Produced by 

Kratos, Manchester, United Kingdom. 
 

 
Fig. 40ɀ3 The CoSMoS (combined spectroscopy and microscopy on a synchrotron) cluster coupled to the 

SuperESCA beamline at Elettra, Trieste. Produced by Specs, Berlin, Germany. 
 
Available services:  

 Photoelectron spectroscopy-based techniques: X-ray photoelectron spectroscopy (XPS) 
and diffraction (XPD), ultraviolet photoelectron spectroscopy (UPS), angle-resolved UPS 
(ARUPS), spin-resolved ARUPS; 

 Auger electron spectroscopy (AES) and diffraction (AED); 
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 Low energy electron diffraction (LEED) and reflection high energy electron diffraction 
(RHEED) characterization of surfaces; 

 Scanning tunnelling microscopy (STM) and spectroscopy (STS) at variable temperature; 
 Non-contact atomic force microscopy (AFM) with atomic resolution; 
 Sample depth-profiling by ion sputtering assisted by XPS or AES; 
 Surface cleaning and synthesis of epitaxial thin-films by molecular beam epitaxy (MBE); 
 Thermally-programmed desorption of molecules from surfaces by residual gas analysis 

(RGA); 
 Low energy electron microscopy (LEEM) and photoemission electron microscopy 

(PEEM), micro-LEED and micro-ARUPS; 
 Extended X-ray absorption fine structure (EXAFS). 

 
Main results:  

 4 research projects (1 × PCE; 1 × TE; 1 × ELI; and 1 × IOSIN);  

 36 articles published in Web of Science®-indexed journals with impact factor (of which 

7 with main author from Lab. 40); 

 1 OSIM granted patent; 

 3 OSIM patent applications. 
 
Highlights:  

 Evidence of the interplay between substrate polarization and reversible molecular 
adsorption/desorption processes for CO on BaTiO3(001) [see Mater. Adv. 5 (2024) 
5709ɀ5723 ], C2H4/BaTiO3(001) [see Heliyon 5 (2024) 5709 ɀ5723 ] and 
CO2/BaTiO3(001) [see Mater. Adv. 5 (2024) 8798 ɀ8811 ]. In the latter case, the carbon 
coverage was nearly one monolayer, which is a promising result for using barium 
titanate in carbon capture, utilization and storage (CCUS) technologies. 

 Evidence of surface spin asymmetry of O 2p states in SrTiO3(001) [see Physica Scripta 
99 (2024) 105925 ] and in SrTiO3(011) [see J. Chem. Phys. 162 (2025) 054707]. In 
the latter case the spin asymmetry is considerably larger, since the surface O2 layer must 
have a lower negative ionization state in order to stabilize the surface, according to 
4ÁÓËÅÒȭÓ ÃÒÉÔÅÒÉÁȢ 

 Theory of Floquet topological insulators with time-reversal symmetry broken by light 
irradiation (FTI) with spin -orbit coupling [see Phys. Rev. B 109 (2024) 075121 ] and 
of related Floquet topological spin filters based on an FTI realized by irradiating a 
honeycomb lattice with circularly polarized light, in the presence of intrinsic spin-orbit 
coupling [see Phys. Rev. B 110 (2024) L241113 ]. 
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LABORATORY 50  
Ȱ4ÈÅÏÒÅÔÉÃÁÌ 0ÈÙÓÉÃÓ ÁÎÄ #ÏÍÐÕÔÁÔÉÏÎÁÌ -ÏÄÅÌÉÎÇȱ 

 
Head of laboratory:  Dr. Valeriu MOLDOVEANU, Senior Researcher rank 1 (valim@infim.ro)  
 
Personnel : 6 members ɀ 1 × SR1, 1 × SR2, 3 × SR3, 1 × SR, and 1 × RA. 
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
All 6 team members hold PhD titles in physics. 
 
Main research directions:  

 Topological and transport properties of 2D materials and lattices; 
 Hybrid quantum systems for nano-electronics and nano-optomechanics; 
 Correlation effects in 2D lattices and artificial molecules. 

 
Main resu lts:  

 4 articles published in Web of Science®-indexed journals with impact factor (of which 
2 with main author from Lab. 50). 

 
Highlights:  

 Stacking model of a 3D higher-order topological insulator. We presented a 3D tight-
binding model for a higher-order topological system, built by stacking square diatomic 
Chern insulator layers. Our analysis highlighted the role of chiral and antiunitary 
symmetries in shaping electron-hole symmetry and energy spectrum degeneracy. By 
exploring different geometries ɀ bulk, slab, and nanowire ɀ we revealed the emergence 
of zero-energy surface states and chiral hinge states that support a 3D quantum 
anomalous Hall effect. Notably, we demonstrated that hinge state localization, 
determined by the number of layers, gives rise to fractional Hall plateaus in a four-
terminal transport setup. Our findings provide valuable insights into realizing 3D Chern 
insulators in platforms such as magnetic topological materials, photonic crystals, and 
topolectrical circuits [see Phys. Rev. Res. 6 (2024) 023168]; 

 QED-DFT-TP approach to cavity-quantum dot arrays. In two recent articles we adapted 
the so-called QED-DFT-TP theoretical method to investigate the equilibrium properties 
and the excitation spectrum of a square quantum dot array embedded in a cylindrical 
cavity. We first report the modelling of the equilibrium properties of a two-dimensional 
electron gas (2DEG) in a square lateral superlattice of quantum dots in a GaAs 
heterostructure subject to an external homogeneous perpendicular magnetic field and 
a far-infrared circular cylindrical photon cavity with one quantized TE011 mode. We 
accomplished this with a DFT model of the 2DEG delivering the current and the charge 
densities. The densities are used in the para- and the diamagnetic electron-photon 
interactions that are updated within each iteration of the DFT-calculation. With basis 
states constructed as a tensor product of the electron DFT-states (orbitals) and the 
eigenstates of the cavity-photon number operator we thus obtain states and energy 
spectra of the Coulomb and photon interacting 2DEG self-consistently. This approach 
allows us to include the electron-photon interaction to high order and observe the 
complex formation of Rabi-resonances in the reciprocal space of the superlattice. 
Fundamental to our method to describe the electron-photon to any order is the choice 
of the TE011 cylindrical cavity mode which spatial symmetry conforms with the 
complex symmetry of the superlattice in an external magnetic field. The electron-photon 
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coupling polarizes the charge density and tends to reduce the Coulomb exchange effects 
as the coupling strength increases. In the 2nd article we added a time-dependent 
excitation to the same system and model the magnetically active photon processes 
controlling the ratio of virtual and real para- and diamagnetic transitions. The real-time 
excitation method provides results beyond the traditional linear response regime [see 
Phys. Rev. B 109 (2024) 235306  & Phys. Rev. B 110 (2024) 205301 ]. 
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LABORATORY 60  
Ȱ/ÐÔÉÃÁÌ 0ÒÏÃÅÓÓÅÓ ÉÎ .ÁÎÏÓÔÒÕÃÔÕÒÅÄ -ÁÔÅÒÉÁÌÓȱ 

 
Head of Laboratory: Dr. Mihaela BAIBARAC, Senior Researcher rank 1, Habil. 
(barac@infim.ro)  
 
Personnel:  28 members ɀ 8 × SR1, 3 × SR2, 5 × SR3, 3 × SR, and 9 × RA.  
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
21 team members hold PhD titles in physics (20) and chemistry (1), including 1 PhD supervisor. 
Additionally, the team includes 7 PhD students. 
 
Main research directions:  

 Optical properties of composite materials based on macromolecular compounds and 
carbon nanoparticles (graphene, including graphene oxide and reduced graphene oxide, 
carbon nanotubes, fullerene) and phosphorene, respectively, for applications in the field 
of eco-nanotechnologies, health and energy storage (supercapacitors, rechargeable 
batteries);  

 Photoluminescence of 2D inorganic materials (including dichalcogenides) and their 
applications in information technology, sensors and energy storage; 

 Optical properties of plasmonic materials, quantum dots and their applications in the 
fields of eco-nano-technologies and the pharmaceutical field; 

 Optical properties of the inorganic micro/nano-particles for applications in the fields of 
heritage and optoelectronics. 

 
Relevant infrastructure:  

 An UV-VIS-NIR spectrophotometer, Lambda 950 model, from Perkin Elmer;  
 A FTIR spectrophotometer, Vertex 80 model, from Bruker;  
 A FT-Raman spectrophotometer, MultiRam model, from Bruker (Fig. 60ɀ1);  
 A Fluorolog FL-3.2.2.1 model with upgrade for the NIR range, from Horiba Jobin Yvon;  
 A triple Raman spectrophotometer T64000 model, from Horiba Jobin Yvon, equipped 

with the lasers for the excitation in visible range;  
 A FTIR imaging microscope SPOTLIGHT 400 from Perkin Elmer; 
 A thermoluminescence reader Harshaw TLD 3500;  
 A system for photoconductivity and IɀV characteristics;  
 A Scanning Near Field Optical Microscope (Multiview 4000 SNOM/SPM system from 

Nanonics) coupled with Atomic Force Microscope (AFM);  
 A Fluoromax 4P with quantum efficiency and colorimetry options, for luminophores 

characterization, o system to measure surface/interfacial tension, contact angle and 
density;  

 A Langmuir-Blodgett instruments, KSV 2000 system and KSV 5003 model;  
 A potentiostat/galvanostat, Voltalab 80, from Radiometer Analytical;  
 A multi-channel potentiostat/galvanostat, Origaflex model, from Origalys;  
 An equipment for deposition by vacuum evaporation of organic materials;  
 A broadband dielectric spectroscopy system from Novocontrol;  
 An infrared spectro-microscope, Carry 600, from Agilent Scientific;  
 A surface plasmons resonance (SPR) equipment from Reichert (Fig. 60ɀ2);  
 A hybrid Magnetron Sputtering ɀ Pulsed Laser Deposition equipment for thin-films (Fig. 

60ɀ3);  
 A Physical Vapor Transport equipment for transition metal dichalcogenides (Fig. 60ɀ4). 
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Available services:  

 Development of composite materials based on the conducting and insulating polymers 
and carbon nanoparticles of the type carbon nanotubes, graphene oxide, reduced 
graphene oxide, graphene quantum dots, fullerene and carbon nanohorns; 

 Development of organic/inorganic hybrid materials based on conducting polymers and 
inorganic nanoparticles of the type ZnO, ZnS, CdS, TiO2;  

 Chemical and electrochemical functionalization of 2D materials (reduced graphene 
oxide, phosphorene, etc) with the organic and macromolecular compounds; 

 Synthesis of transition metal dichalcogenides (TDMs) of the type MoS2, WS2, etc; 
 The preparation of the surface-enhanced Raman scattering (SERS) supports of the type 

of rough metallic (Ag, Au, Cu) films, the colloidal suspensions of the metallic 
nanoparticles and the graphene sheets decorated with metallic nanoparticles;  

 Deposition of thin layers using magnetron sputtering and Langmuir Blodgett; 
 Realization of organic/organic and organic/inorganic structures by vacuum 

evaporation and from solution;  
 Controlled crystallization of thin-films in various atmospheres; 
 Functionalization of metallic surfaces for development of optical sensors via surface 

plasmons resonance; 
 Analyses by the UV-VIS-NIR and IR absorption spectroscopy, Raman scattering, surface-

enhanced Raman scattering (SERS), surface-enhanced infrared absorption (SEIRA) 
spectroscopy, photoluminescence, atomic force microscopy and broad-band dielectric 
spectroscopy; 

 Structural characterization and phase identification in crystalline materials; 
 Contact angle analysis for assessment of hydrophobic/hydrophile properties; 
 Measurements of surface/interface tension and of the density of liquids; 
 Colorimetry and quantum yield measurements for the characterization of phosphors; 

 Calculated absorption coefficient of inorganic and macromolecular chain with density-
functional theory (DFT); 

 Electrochemical analysis by cyclic voltammetry, chronoamperometry, 
chronopotentiometry, electrochemical impedance spectroscopy, Tafel polarizations; 

 Surface nano-patterning by UV Nano Imprint lithography (UV-NIL); 
 Characterization of organic heterostructures for opto-electronic devices;  
 Galvanostatic charge-discharge measurements for the testing nanomaterials as 

electrode active materials in supercapacitors and rechargeable batteries; 
 The preparation of electrodes with the application in the field of the electrochemical 

sensors; 
 Analysis concerning the stability of the drugs in the presence of UV light and various 

chemical agents by UV-VIS spectroscopy, photoluminescence, Raman scattering and 
FTIR spectroscopy. 
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Fig. 60ɀ1 MultiRam FT-Raman spectrophotometer 

from Bruker.  
Fig. 60ɀ2 Surface Plasmon Resonance equipment 

from Reichert. 

  
Fig. 60ɀ3 Hybrid Magnetron Sputtering ɀ Pulsed Laser 

Deposition equipment for thin-films. 
Fig. 60ɀ4 Physical Vapor Transport equipment for 

transition metal dichalcogenides. 
 
 
Main results:  

 7 research projects (4 × M-ERA.NET; 2 × PED; and 1 × PNRR). In addition, Lab. 60ôs is 

involved in 2 COST actions; 
 26 articles published in Web of Science®-indexed journals with impact factor (of which 

16 with main author from Lab. 60); 

 1 EPO patent application; 
 4 OSIM granted patents; 
 4 OSIM patent applications. 

 
Highlights:  

 Rare-earth doped GdF3 nanocrystals in silicate glass matrix:  Crystallization processes 
and photoluminescence properties [see Ceram. Int. 50 (2024) 37518 ]; 

 MAPLE-deposited perylene diimide derivative based layers for optoelectronic 
applications [see Nanomaterials 14 (2024) 1733 ];  

 Fabrication of direct FLG\ MoS2 heterostructures [see Mater. Chem. Phys. 322 (2024) 
129530 ]; 

 Carbonaceous structures-based composites for applications for applications in the fields 
of biomedical, energy storage and conversion, and fire-retardant building materials [see 
J. Therm. Anal. Calorim. 149 (2024) 2805 ; Polymers 16 (2024) 53 ; & Materials 17 
(2024) 6127 ]. 
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LABORATORY 70  
Ȱ!ÔÏÍÉÃ 3ÔÒÕÃÔÕÒÅÓ ÁÎÄ $ÅÆÅÃÔÓ ÉÎ !ÄÖÁÎÃÅÄ -ÁÔÅÒÉÁÌÓȱ 

LASDAM 
 
Head of laboratory:  Dr. Corneliu GHICA, Senior Researcher rank 1 (cghica@infim.ro) 
 
Personnel: 25 members ɀ 2 × SR1, 9 × SR2, 3 × SR3, 3 × SR, 5 × RA, and 3 × engineer.  
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
19 team members hold PhD titles in physics (18) and chemistry (1). Additionally, the team includes 
3 PhD students.   
 
Main research directions:  

Fundamental research 
 Atomic scale structure-functionality correlations in advanced materials 

(nanostructures, thin-films, ceramics and special alloys); 
 Paramagnetic point defects, either intrinsic or induced by impurities or radiations in 

insulators and wide-bandgap semiconductors; 
Applied research 

 Investigation of the physical-chemical mechanisms underpinning the detection process 
in nanostructured materials for gas sensing applications; 

 Dielectric and semiconductor thin-films for microelectronic applications of interest for 
environment, security, space, biomedicine, food safety; 

 Cellular and non-cellular in vitro interactions and biomedical applications of inorganic 
nanomaterials and hybrid nanostructures; 

 Nanostructured materials for post-Li-ion solid-state batteries; 
 AI-based algorithms for TEM-generated data analysis. 

 
Main research infrastructure:  

 Aberration-corrected analytical transmission electron microscope (HRTEM/HRSTEM) 
provided with EDS and EELS microanalytical facilities for sub-Ångström resolution 
imaging and atomic-resolution elemental mapping;  

 High-resolution analytical electron microscope for electron tomography, in situ and 
operando experiments by specimen heating/cooling/electrical biasing;  

 SEM-FIB dual analytical system used for morpho-structural and microanalytical 
investigations (SEM, EDS, EBSD) as well as for ion beam micro- and nano-processing;  

 Continuous wave (cw) X-band (9.8 GHz) EPR spectrometer with variable temperature 
(VT) accessories in the 80 ɀ 500 K range; cw Q-band (34 GHz) EPR spectrometer with 
ENDOR (Electron-Nuclear Double Resonance) and VT accessories (5 ɀ 300 K);  

 Pulse X-band (9.7 GHz) EPR spectrometer equipped with pulse ENDOR, pulse ELDOR 
(Electron-Electron Double Resonance) and VT accessories (5 ɀ 300 K);  

 Automatic liquid He plant completed with a helium recovery system;  
 Computer-controlled gas mixing station and associated electrical measurements chains 

for materials testing under controlled atmosphere; 
 Chemical reactor and autoclave for hydrothermal and co-precipitation chemical 

synthesis;  
 Magnetron sputtering installation for thin-films deposition, with in situ 

characterization/monitoring by Auger electron spectroscopy (AES), low-energy 
electron diffraction (LEED) and ellipsometry; 
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 Installation for rapid thermal annealing, oxidation and nitriding; horizontal furnace with 
3 temperature zones for thermal treatments and physical vapor deposition (PVD);  

 Measurement chains for electrical, ferroelectric and photoelectric characterization, Hall 
effect and magnetoresistance measurements.  
 

 
Fig. 70ɀ1 (a) JEM ARM200F aberration-corrected analytical transmission electron microscope; (b) Bruker EPR 

spectrometer in CW Q-band with ENDOR accessory; (c) Setup for electrical measurements under controlled 
atmosphere gas mixing station; (d) Magnetron sputtering installation for thin-films deposition, equipped with in 

situ AES, LEED, and ellipsometry. 
 

Available services:   
 SEM morphological characterization of advanced materials; 
 TEM characterization of nanostructured materials, thin-films, ceramics, alloys; 
 Chemical elemental composition and elemental mapping by SEM-EDS and STEM-EDS; 
 Multifrequency EPR characterization of bulk and nanostructured insulating and 

semiconductor materials: nature, concentration, localization, formation mechanism and 
stability of the paramagnetic centres in materials; chemical processes, structural or 
magnetic transitions; 

 Controlled simulation of toxic and explosive gas environments (CO, CH4, NO2, H2S, NH3, 
SO2) for gas sensors testing and calibration; temperature-voltage calibration for the 
optimization of power consumption for substrates and gas sensors. 

 Growth of thin-films and multilayers by magnetron sputtering; 
 Rapid thermal annealing (RTA) and controlled oxidation (RTO) at temperatures within 

200 ɀ 1250 °C, heating rates up to 200 °C/s in gas flow (N2, O2, Ar, H2) and thermal 
treatments using the horizontal furnace with 3 temperature zones up to 1200 °C in 
vacuum or flow of Ar, N2; 

 Electrical characterization under dark/illumination conditions, Hall effect 
measurements and modelling of experimental curves current-voltage (IɀV) at varying 
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temperature, in DC and AC, capacity-voltage (CɀV), capacity-frequency (Cɀf), capacity-
time (Cɀt), polarization-voltage (PɀV), IɀT and RɀT; spectral characteristics of the 
photocurrent (IɀʇɊ ÉÎ ÍÏÄÕÌÁÔÅÄ ÁÎÄ ÃÏÎÔÉÎÕÏÕÓ ÉÌÌÕÍÉÎÁÔÉÏÎȠ (ÁÌÌ ÍÅÁÓÕÒÅÍÅÎÔÓȡ 6ɀI 
curves as a function of current, magnetic field and temperature.  

  
LASDAM operates as Partner Facility within CERIC-ERIC (https://www.ceric -eric.eu/) on 

behalf of NIMP, the Romanian Representing Entity in the ERIC along with research institutes 
and universities in Austria, Croatia, Czech Republic, Hungary, Italy, Poland, or Slovenia. 
 
Main results:  

 6 research projects (1 × M-ERA.NET; 1 × PCE; 1 × PED; and 3 × TE); 
 45 articles published in Web of Science®-indexed journals with impact factor (of which 

13 with main author from Lab. 70); 
 1 OSIM granted patent; 
 6 OSIM patent applications. 

 
Highlights:  

 p-type NiO semiconductor nanopowders have been explored as a potential material for 
CO sensing. A combination of EPR, XPS, HRTEM, and electrical measurements under in 
situ heating or operando conditions on nanopowders synthesized at various 
temperatures have been has been used to investigate the role of oxygen vacancies and 
paramagnetic Ni3+ ions in the sensing mechanism. The morpho-structural, 
spectroscopic, and gas-sensing data illustrate the complex interplay between 
nanoparticle size, morphology, and the shallow defects near the grain surface, which are 
correlated with the thermal history of the samples [see Appl. Surf. Sci. 651 (2024) 
159252 ]. 

 Trilayer Al2O3/Ge/Al 2O3 memory structure was fabricated by magneton sputtering and 
analysed with respect to the influence of annealing on the charging-discharging 
mechanism. The behaviour of the capacitance-ÖÏÌÔÁÇÅ ɉ#Ϻ6Ɋ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÁÓ Á ÆÕÎÃÔÉÏÎ 
of the annealing temperature is explained in correlation with the structure and 
morphology of the films. The best memory performances were obtained for samples 
annealed at an intermediate temperature of 600 °C, with a maximum memory window 
of 5.6 V and retention time with only 2% charge loss after 108 s [see ACS Applied 
Electron. Mater. 6 (2024) 978 ɀ986 ]. 

 3ÅÌÅÃÔÉÖÅÌÙ ÇÒÏ×Î ς$ -Ï3Ϝ ÃÏÁÔÉÎÇÓ consisting of 1, 2 or 3 atomic monolayers, on Mo 
patterned substrates was achieved by a MO-#6$ ÍÅÔÈÏÄȟ ×ÈÅÒÅ -Ï/Ϝ ÆÒÏÍ ÁÎ ÏØÉÄÉÚÅÄ 
Mo pattern and S powder served as growth precursors. Devices for measuring the 
photosensitivity of the selectively grown 2D MoS2, with electrostatic doping controlled 
by the field effect, were fabricated directly by contacting the large Mo pads of the finger 
contact structures as source-drain electrodes and using the doped Si substrates as gate 
electrodes. "Ù ÆÉÅÌÄ ÅÆÆÅÃÔ ÃÏÎÔÒÏÌȟ ÈÉÇÈ ɝ)ph/I dark photosensitivity of 105 % was obtained 
with a Vsd of 0.5 V and Vg of ɀ5 V, under 4.5 × 10ɀ4 mW/cm 2 650 nm monochromatic light 
[see !#3 !ÐÐÌȢ .ÁÎÏ -ÁÔÅÒȢ χ ɉςπςτɊ υπυρϺυπφς]. 

 A short-wavelength infrared (SWIR) photosensitive coating based on SiGeSn 
nanocrystals embedded in a HfO2 amorphous matrix has been achieved by magnetron 
co-sputtering deposition, showing a spectral photosensitivity extended to 2000 nm. 
Microstructural and spectroscopic investigations, combined with photoelectrical 
measurements, confirmed that the addition of Si improves the thermal stability of 
SiGeSn NCs with respect to similar results obtained with GeSn NCs. Furthermore, the use 
ÏÆ (Æ/Ϝ ÉÎÓÔÅÁÄ ÏÆ 3É/Ϝ ÍÁÔÒÉØ ÒÅÓÕÌÔÓ ÉÎ ÂÅÔÔÅÒ ÐÁÓÓÉÖÁÔÉÏÎ ÏÆ .#Óȟ ÉÎÃÒÅÁÓÉÎÇ ÔÈÅ 37)2 

https://www.ceric-eric.eu/
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photosensitivity for optoelectronic applications at room-temperature [see Sci. Rep. 14 
(2024) 3532 ].  

 High-resolution TEM investigations have revealed a novel growth mechanism for 
ÅÐÉÔÁØÉÁÌ :Ò/Ϝ ÔÈÉÎ ÆÉÌÍÓ ÏÎ ÈÉÇÈÌÙ ÍÉÓÆÉÔ ÓÕÂÓÔÒÁÔÅÓ, by domain matching epitaxy. The 
strain imposed by a (111)-cut Nb:SrTiO3 substrate determines the epitaxial growth of a 
8 nm thin film of ZrO2 in a metastable rhombohedral phase with ferroelectric properties 
for CMOS compatible applications [see Energy Environ. Mater. 7 (2024) e12500 ]. 

 Deep learning methods are being developed for a fast and reliable analysis of large 
amounts of data provided by multiple TEM techniques. A fully automated software, 
based on You Look Only Once (YOLO) type neural networks for data segmentation and 
identification, as well as on EasyOCR deep learning Python, has been developed for real-
time analysis of nanoparticle size and shape distribution. 
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LABORATORY 80  
Ȱ#ÁÔÁÌÙÔÉÃ -ÁÔÅÒÉÁÌÓ ÁÎÄ #ÁÔÁÌÙÓÉÓȱ 

MATCA 
 

Head of laboratory:  Dr. Mihaela FLOREA, Senior Researcher rank 1, Habil. 
(mihaela.florea@infim.ro)  
 
Personnel: 6 members ɀ 3 × SR1, 2 × SR3, and 1 × RA.  
Beyond its scientific endeavours, the group actively participates in educational and training 
initiatives. 
6 team members, including 1 PhD supervisor and 1 PhD student. 
 
The MATCA group possesses expertise in the materials preparation with various properties, 
tailored to suit the applications for which they are designed.  
 
Main  research directions:  

 Pioneering advancements in catalytic and photocatalytic materials, addressing pressing 
challenges in sustainability, energy, and environmental protection. With a strong focus 
on the development, preparation, and characterization of heterogeneous catalytic 
materials, the group explores innovative solutions that enhance efficiency and 
performance in key chemical transformations. 

 A significant part of their research is devoted to catalytic reactions, encompassing 
selective oxidation and hydrogenation processes that enable the synthesis of high-value 
compounds. Their work extends to the development of polymers derived from 
renewable and alternative resources, fostering sustainable materials for industrial 
applications. Moreover, MATCA researchers are at the forefront of depolymerization 
technologies, seeking efficient methods to break down plastics and contribute to circular 
economy strategies. In parallel, they investigate the reduction of volatile organic 
compounds (VOCs), aiming to minimize environmental pollutants and improve air 
quality. 

 Photocatalysis represents another core research direction, harnessing solar energy to 
drive essential chemical reactions. The group is actively engaged in water splitting for 
green hydrogen production, a key component in the transition to clean energy. 
!ÄÄÉÔÉÏÎÁÌÌÙȟ ÔÈÅÉÒ ÓÔÕÄÉÅÓ ÏÎ ÐÈÏÔÏÃÁÔÁÌÙÔÉÃ #/Ϝ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÁÎÄ ÁÒÔÉÆÉÃÉÁÌ 
photosynthesis explore ways to convert carbon dioxide into valuable fuels and 
chemicals, offering innovative approaches to carbon capture and utilization. 

 In the field of energy, the MATCA team focuses on the synthesis of advanced materials 
for electrocatalysis in fuel cells. Their work aims to enhance the performance and 
durability of fuel cell components, contributing to the development of efficient, next-
generation energy technologies that support decarbonization efforts. 
 

Relevant infrastructure:  
Lab. 80 has an infrastructure covering various methods of catalytic material preparation and 
physico-chemical characterization. Among the important infrastructures one can mention: 

 Chemistry laboratory (Fig. 80ɀ1Ɋ ÅÑÕÉÐÐÅÄ ×ÉÔÈ ÁÌÌ ÎÅÃÅÓÓÁÒÙ ÓÍÁÌÌ ÅÑÕÉÐÍÅÎÔȭÓ ÆÏÒ 
catalytic materials synthesis (ovens working in air or vacuum, rotavapors, magnetic 
stirrers, autoclaves for hydrothermal treatments, chemical niche, apparatus for milliQ 
water production, centrifuge, balances) and catalytic reactors (in house reactors for 
solid-gas phase and liquid-solid phase reactions); 
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 Thermo-programmed desorption and reduction equipment (TPD-TPR) ɀ for 
determining the adsorption capacity and redox properties (Fig. 80ɀ2); 

 Spectroscopy analysis: UV-Vis and Raman portable (Fig. 80ɀ2); 
 Thermal analysis ɀ to study the relationship between a sample property and its 

temperature as the sample is heated or cooled in a controlled manner (Fig. 80ɀ2); 
 Analysis of the reaction products ɀ gas chromatograph with three detectors (TCD, FID, 

and BID) gas chromatograph coupled with mass spectrometer (Fig. 80ɀ2); 
 Adsorption analyser with high performance capabilities - utilized to quantify the surface 

area, pore size, and pore volume of powders and particulate materials. The equipment 
is outfitted with a chemisorption feature that expands the scope of its application to 
encompass both physical and chemical adsorption. This enables the characterization of 
catalyst texture and active surface properties in catalyst supports, sensors, and several 
other materials. By including an automated injection loop, the TCD analytical range can 
be expanded through the utilization of pulse chemisorption;  

 Catalytic flow reactor ɀ is a highly advanced modular laboratory system for determining 
in real time the selectivity and activity of catalysts for different catalytic applications 
through different configurations and options. 

 
The group has access to other infrastructures located at NIMP, through collaborative 
research activities, such as: SEM; TEM; XPS; optical spectroscopies (Raman, UV-Vis-NIR, 
FTIR); X-ray diffraction; ICP-MS; photoluminescence. 

 

 
Fig. 80ɀ1 Chemistry laboratory. 

 
Fig. 80ɀ2 Equipment for materials characterization and analysis. 
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Available services:  
 Catalytic materials preparation; 
 Gas-solid and gas-liquid catalytic reaction;  
 H2 production through water splitting;  
 Surface characterization; 
 Structural and textural characterization of the catalytic materials; 
 Investigation of acid-base and redox properties; 
 Determination of acid and basic properties (qualitatively and quantitatively). 

 
Main results:  

 2 research projects (1 × PTE and 1 × PCE);  

 9 articles published in Web of Science®-indexed with high-impact factor (of which 3 

with the main author from Lab. 80). 

 

Highlights:  
 The development of active and selective materials for low-temperature oxidative 

activation of methane into value-added products remains a key challenge for the 
scientific community. We are actively involved in designing catalysts for selective 
methane oxidation to formaldehyde using molecular oxygen over MXene-based 
catalysts at low-temperature and ambient-pressure conditions. Moreover, the dynamics 
of the structural and surface changes that these systems go through during catalysis 
were studied at the Swiss Light Source (SLS) synchrotron under O2 and/or CH4 
ÅÎÖÉÒÏÎÍÅÎÔÓ ÁÔ ÄÉÆÆÅÒÅÎÔ ÔÅÍÐÅÒÁÔÕÒÅÓȢ !Ó ÅØÐÅÃÔÅÄȟ ÔÈÅ ÓÕÒÆÁÃÅ ÉÓ ȰÁÌÉÖÅȱ ÁÎÄ 
reversible surface modifications were observed, indicating the presence of a possible 
ȰÍÅÍÏÒÙȱ ÐÈÅÎÏÍÅÎÏÎȢ 4ÈÉÓ ×ÁÓ ÄÏÎÅ ÉÎ ÃÏÌÌÁÂÏÒÁÔÉÏÎ ×ÉÔÈ $ÒȢ ,Ȣ !ÒÔÉÇÌÉÁͻÓ ÇÒÏÕÐ ÆÒÏÍ 
the Paul Scherrer Institute, Switzerland; 

 Making 1D filaments of materials containing Ti, C, and O to split water under 
photocatalytic conditions and create H2 gas is a straightforward, low-cost, and 
economically viable strategy, thanks to a collaboration with a team of researchers at 
Drexel University, led by Prof. M. Barsoum and a team from the University of Strasbourg, 
France, led by Dr. D. Constantin. This partnership will continue into 2025; 

 New photocatalytic systems based on i-MXene-semiconductor composites for hydrogen 
production via photocatalytic water splitting reaction are the main focus of the PCE-
funded project; 

 Plastics are indispensable materials for packaging and many products from our daily 
life, and their recycling is essential to ensure a circular economy. Therefore, we 
developed acidic heterogeneous catalysts for upcycling of polyethylene terephthalate 
(PET) to terephthalic acid (TPA) and ethylene glycol by hydrolysis. Through this study, 
we obtained acid-modified MXene catalysts that can break down PET at a temperature 
of 180 °C, which is 40 °C lower than the temperature required by other already used 
catalysts under comparable reaction conditions. Moreover, our catalysts are stable at 
least for 3 cycles. These findings suggest that both the acidity of the catalysts and the 2D 
features are important for the depolymerization of PET and, thus, acid-modified MXenes 
can be promoted as valuable catalysts for upcycling PET [see ACS Sustain. Chem. Eng. 
12 (2024) 9766 ɀ9776 ]. 

Through their multidisciplinary approach, the MATCA research group is driving 
innovation in catalytic science, bridging fundamental research with practical applications that 
promote sustainability, cleaner energy solutions, and environmental resilience. 
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4ÈÅ ÉÎÔÅÒÆÁÃÅ ÓÔÒÕÃÔÕÒÁÌȟ ÅÌÅÃÔÒÏÎÉÃ ÁÎÄ ÏÐÔÉÃÁÌ ÐÒÏÐÅÒÔÉÅÓ ÏÆ :Î/ 
ÎÁÎÏ×ÉÒÅÓȾ'ÒÁÐÈÅÎÅ ÎÁÎÏÈÙÂÒÉÄ ɉ:Î/ .7ÓȾ'Ɋȡ %ØÐÅÒÉÍÅÎÔÁÌ ÁÎÄ 

ÔÈÅÏÒÅÔÉÃÁÌ $&4 ÉÎÖÅÓÔÉÇÁÔÉÏÎÓ 
 

I. Boukhoubz a1, M. Achehboune2, I. Derkaou i3, M.M. Apostol1,4, M.A. Basyooni5,6, M. 
Khenfouch 7, L. Nedelcu1, I. Enculescu1, E. Matei1 

 
1) .ÁÔÉÏÎÁÌ )ÎÓÔÉÔÕÔÅ ÏÆ -ÁÔÅÒÉÁÌÓ 0ÈÙÓÉÃÓȟ τϋϋυφωȟ -áÇÕÒÅÌÅȟ 2ÏÍÁÎÉÁ 
2) Laboratoire de Physique du Solide, Namur Institute of Structured Matter, University of 

Namur, 5000, Namur, Belgium  
3) Laboratory of Solid-State Physics, Faculty of Sciences Dhar el Mahraz, University Sidi 

Mohammed Ben Abdellah, 30 000, Fez, Morocco 
4) Faculty of Chemical Engineering and Biotechnologies, National University of Science and 

Technology Politehnica Bucharest, 011061, Bucharest, Romania 
5) Department of Nanotechnology and Advanced Materials, Graduate School of Applied and 

Natural Science, Selçuk University, 42030, Konya, Turkey 
6) Science and Technology Research and Application Centre (BITAM), Necmettin Erbakan 

University, 42090, Konya, Turkey 
7) Laboratory of Materials, Electrical Systems, Energy and Environment (LMS3E), Department 

of Physics, Faculty of Applied Sciences, Ibn Zohr University, 86153, Agadir, Morocco 
 

A ZnO/Graphene (G) heterostructure is a promising material combination, as both components exhibit 
excellent optoelectronic properties, enabling diverse applications in photocatalysis, supercapacitors, 
sensors, and solar cells [1ɀ3]. Moreover, the strong electronic combination between the nanostructured 
ZnO and the low dimensionality carbon material in a nanohybrid system can dramatically change the 
ZnO band structure. By tuning the process parameters for the ZnO growing on top of a graphene covered 
substrate, the morphology/aspect ratio, the orientation, and the density of the resulting ZnO 
nanostructures can be controlled [4]. In this work [5], a ZnO nanowires/G nanohybrid was synthesized 
by a three steps approach. Copper substrates were covered with graphene by chemical vapor 
deposition, further ZnO nanowires were electrochemically deposited on the as-grown graphene on 
copper and finally a transfer process was employed for moving the heterostructure onto a SiO2/Si 
substrate via electrochemical delamination (Fig. 1).  
XRD and Raman measurements (Fig. 2a,b) revealed that the ZnO nanowires crystallize in a wurtzite 
structure with a preferred orientation along the c-axis (002), perpendicular to the graphene. This 
process results in the formation of a nanohybrid heterostructure. Fig. 2c shows SEM images of ZnO 
nanowires grown on G/Cu substrates, revealing uniform and dense, completely covering the substrate. 
The nanowires have diameters of 20ɀ40 nm and lengths of 100ɀ300 nm. Most exhibit a hexagonal cross-
section, with their orientations influenced by the wavy graphene structure formed during CVD growth. 
Despite the challenges of depositing materials on graphene's hydrophobic surface, electrochemical 
deposition enabled successful ZnO nanowire growth. Fig. 2d illustrates the transferred ZnO 
nanowires/graphene layer onto SiO2/Si after delamination from Cu and PMMA removal, preserving its 
uniform architecture and maintaining high-quality graphene over a large area [5]. 
To further understand the interaction between the graphene surface and adsorbed ZnO molecules, 
charge density difference calculations were performed for three adsorption positions: bridge, top, and 
hollow sites (Fig. 2e). The charge redistribution, shown by yellow (charge loss) and sky-blue (charge 
gain) lobes, indicates significant electron transfer between ZnO molecules and the graphene monolayer. 
4ÈÅ "ÁÄÅÒ ÃÈÁÒÇÅ ÁÎÁÌÙÓÉÓ ÒÅÖÅÁÌÓ ÔÒÁÎÓÆÅÒÒÅÄ ÃÈÁÒÇÅÓ ÏÆ ϺπȢςτυ ȿÅȿȟ ϺπȢυτυ ȿÅȿȟ ÁÎÄ ϺπȢσσψ ȿÅȿ ÆÏÒ the 
bridge, top, and hollow sites, respectively, with the top site being the preferred adsorption site due to 
the strongest interaction. 
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Fig. 1: Synthesis process of ZnO NWs/G/SiO2/Si nanohybrid. Reproduced from Ref. [5]. 

 

 
Fig. 2: (a) XRD patterns, (b) Raman spectra and (c d) SEM images of the ZnO NWs/G/Cu and ZnO 

NWs/G/SiO2/Si nanohybrid; (e) model structures of ZnO adsorbtion on G;(f) total and partial density of states 
(DOS) of ZnO NWs/G. Reproduced from Ref. [5]. 

 
The total density of states (TDOS) and partial density of states (PDOS) reveal that the valence band is 
mainly influenced by Zn 3d and O and C 2p and 2s orbitals, while the conduction band is dominated by 
C 2p and 2s, O 2p, and Zn 4s and 3d orbitals. The introduction of the graphene monolayer modifies the 
ÅÌÅÃÔÒÏÎÉÃ ÐÒÏÐÅÒÔÉÅÓ ÉÎ ÔÈÅ ÒÁÎÇÅ ÏÆ Ϻςπ ÔÏ ςπ Å6ȟ ÒÅÓÕÌÔÉÎÇ ÉÎ ÎÅ× ÔÒÁÎÓÉÔÉÏÎ ÄÅÆÅÃÔÓ ÎÅÁÒ ÔÈÅ &ÅÒÍÉ 
level. These defects are attributed to electron transitions from graphene to ZnO due to carbon-related 
defects (Fig. 2f). 
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Fig. 3: Optical properties: (a) imaginary part of the dielectric function, (b) absorption, (c) reflectivity; the 
calculated (d) real part and (e) imaginary part of the complex optical conductivity of ZnO NWs and ZnO 

NWs/G nanohybrid. Reproduced from Ref. [5]. 

 
Further, using the DFT study, under GGA-0"%Ϲ5ױ ÁÎÄ $&4-D2 methods, the optical properties of ZnO 
NWs/G, such as the complex dielectric function, reflectivity, absorption coefficient and optical 
conductivity were calculated (Fig. 3aɀe). The adsorption energy shows that the structure of the ZnO top 
site on graphene layer is more stable. Further, it was found that ZnO NWs/G nanohybrids have an 
enhancement in optical properties and optical conductivity in the UV and visible light ranges compared 
to ZnO. We believe that this study [5] provides a solid foundation for understanding the potential of ZnO 
NWs/G nanohybrids in optoelectronic devices, particularly for sensor applications, and will inspire 
further research in this field. 
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In this work [1], magneto-optical measurements enabled the identification of Fe2+ and Fe3+ in the R and 
S blocks of BaFe12O19 M-hexaferrite powder, which was obtained by sol-gel processing followed by 
thermal annealing at 900 °C for 3 hours. The ferromagnetic phase is evidenced by the spin-majority 
configuration (Fe3+) due to their unpaired electrons between d-d orbitals, while the Fe2+ in the low spin 
possesses diamagnetic behaviour strongly dependent on the surrounded crystal field. Additionally, the 
irradiation with gamma rays changes the ratio between Fe2+/Fe3+, mainly on the surface of BaFe12O19 
nanocrystals. These changes were confirmed by X-ray photoelectron spectroscopy (XPS) 
measurements, which showed that the concentration of Fe2+ increased from 69% to 82%, while the 
concentration of Fe3+ decreased from 31% to 18%. The thermoluminescent measurements revealed 
similar changes in the Fe3+ in Fe2+ conversion by electron capturing during irradiation, which is released 
as a red emission following recombination processes. These changes are attributed to the increase in 
FeɀO bonds along the c-axis, primarily resulting from the breaking of a part of these bonds.  
The X-ray diffraction (XRD) analysis (Fig. 1) confirmed changes in the parameters of the BaFe12O19 
hexagonal structure [1,2]. Furthermore, the XRD patterns of the sol-gel powder revealed the formation 
of the hexagonal structure of BaFe12O19 after thermal annealing at 900 °C, along with traces of Fe2O3 
resulting from the raw powders during the synthesis process (Fig. 1). 
 

 
Fig. 1: XRD patterns of the BaFe12O19 powder sample calcinated at 900 °C. Reproduced from Ref. [1]. 

 

 

The high-resolution transmission electron microscopy (HR-TEM) allowed for the validation of the 
crystalline phase and provided detailed insights into the shape and distribution of the particles. The 
sample consisted of BaFe12O19 nanoparticles exhibiting both rod-like and irregular shapes. The 
irregularly shaped nanoparticles tend to have larger dimensions, typically below 100 nm, while the rod-
shaped nanoparticles have a diameter of less than 50 nm (Fig. 2a). The phase was identified by indexing 
the selected area electron diffraction pattern (SAED). The planes corresponding to the BaFe12O19 (space 



2024 ACTIVITY REPORT OF THE NATIONAL INSTITUTE OF MATERIALS PHYSICS, ROMANIA 

6 | P a g e 
 

group P63/mmc) phase were identified, in agreement with XRD patterns [1,3]. Moreover, this has also 
been confirmed by indexing the FFT pattern corresponding to high-resolution images of the 
nanoparticles, where the crystalline planes were clearly visible [1,4]. In each case, the axis parallel to 
the electron beam has been identified, and the FFT pattern was compared to the SAED simulation 
performed on a crystal with the same orientation. The two patterns showed excellent agreement (Fig. 
2b).  
 

  
Fig. 2: (a) HRTEM image of the BaFe12O19 nanoparticles; (b) FFT transforms taken in the two regions indicated 

on the HR image. Reproduced from Ref. [1]. 

 

New features are revealed in the XPS spectra of the Fe 2p and Fe 3p regions after gamma-ray irradiation 
(Fig. 3a,b). The Fe 3p binding energy is reduced by more than 1 eV, accompanied by a considerable 
decrease in peak width. A minor shift is also observed for the Fe 2p lines (Fig. 3a). The irradiation caused 
the reduction of Fe3+ ions to Fe2+ ions, and both the energy shift and the decrease in peak broadening 
are apparent, resulting from the change in the Fe3+ to Fe2+ ion ratio. 
 

  
Fig. 3: The XPS spectra of (a) Fe 2p a) and (b) Fe 3p core electron levels recorded for the BaFe12O19 powder 

sample before and after gamma-ray irradiation . Adapted from Ref. [1]. 

 

The magnetic circular dichroism (MCD) spectra confirmed the presence of ferromagnetic phases. The 
spin-majority configuration (Fe3+) is given by the paramagnetic transition from 530 nm (2.34 eV) 
seconded by the ligand-to-metal charge transfer (LMCT) between the oxygen atoms p-orbital to Fe in an 
octahedral position, centred at 480 nm (Fig. 4). After the gamma-irradiated of the BaFe12O19 powder, 
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thermoluminescence measurements confirmed the conversion of Fe3+ to Fe2+ by electron capture, 
releasing a red photon during the thermally activated recombination processes. This reduction process 
leads to the breaking of some Fe3+(i)ɀO2ɀɀFe3+(j) bonds (where j=1, 2, 3, 4, 5) and the creation of hole 
centres (e.g., O2ɀ near the Fe3+ ion), which, in turn, weakens the superexchange interactions responsible 
for the magnetic properties of BaFe12O19. 

 

 
Fig. 4: Absorption and MCD spectra of BaFe12O19 annealed at 900 °C and spin-coated on glass. Reproduced 

from Ref. [1]. 
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A long-term goal of the research community is to develop energy-efficient systems using in-memory or 
brain-inspired neuromorphic computing. Non-volatile memories (NVMs), such as OxRAM, PCM, and 
CBRAM, are promising candidates for this purpose. Ferroelectric NVMs, being voltage-driven, offer the 
potential for ultra -low power computing platforms. Among different types of ferroelectric memories, 
the ferroelectric tunnel junction (FTJ) is attractive due to its simple structure and non-destructive 
readout. FTJs function as voltage-driven memristors, with conductance states modulated by the 
ferroelectric polarization. However, challenges exist, such as the instability of ferroelectricity in thin 
HZO films and high programming voltages. This work [1] proposes a novel ferroelectric field-effect 
diode, with a thin HZO layer, that promises low voltage operation, low energy consumption, and 
improved reliability. The device uses a doped oxide semiconductor as the bottom electrode, offering 
advantages over resistive metallic oxides, and demonstrates synaptic behaviours with low energy 
consumption, comparable to biological synapses. 
A memristor based on a metal/ferroelectric/semiconductor configuration using a thin epitaxial HZO 
layer (~5 nm) is demonstrated, with synaptic plasticity, including symmetric potentiation/depression, 
pair pulse facilitation, and spike-timing dependent plasticity across several time scales (ns to ms) [1]. 
The key element of the design is an ultrathin n-type SrTiO3ɀ‏ semiconductor (10 ɀ 20 nm), grown 
epitaxially on Si(001), which not only serves as an electrode but also enables epitaxy for HZO. This 
structure enhances the device's functionality by facilitating non-volatile conductance modulation via the 
ferroelectric field effect. The motion of oxygen vacancies in SrTiO3ɀ‏ improves the dynamic range of the 
ÓÙÎÁÐÓÅÓ ÄÕÒÉÎÇ ÐÏÔÅÎÔÉÁÔÉÏÎ ÁÎÄ ÄÅÐÒÅÓÓÉÏÎ ÏÖÅÒ υπ ʈÓ ÁÎÄ ÅÎÓÕÒÅÓ ÒÅÔÅÎÔÉÏÎȢ 4ÈÅÓÅ ÓÙÎÁÐÓÅÓ ÏÐÅÒÁÔÅ 
×ÉÔÈ ÌÏ× ÖÏÌÔÁÇÅ ɉЅς 6Ɋ ÁÎÄ ÕÌÔÒÁ-low energy consumption (~8 fJ per programming event), similar to 
biological synapses. 
The HZO films were grown on epitaxial SrTiO3ɀ‏/ Si substrates using molecular beam epitaxy (MBE), 
with SrTiO3ɀ‏ intentionally oxygen-deficient to function as an n-type semiconductor bottom electrode. 
High-resolution transmission electron microscopy (HRTEM) verified the orthorhombic ferroelectric 
phase of HZO and its domain-matching epitaxy with SrTiO3ɀ‏. Fast Fourier transform (FFT) analysis 
highlighted the near-coincidence lattice matching, reducing the effective lattice mismatch and 
promoting high-quality epitaxial growth. These findings support the structural integrity and functional 
properties of the fabricated devices. (Fig. 1). 
The P-V and I-6 ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ÅÐÉÔÁØÉÁÌ ÄÅÖÉÃÅÓ ɉυπ ϼ υπ ʈÍόɊ at 1 kHz, in both pristine and wake-up 
states, are shown in Fig. 2a,bȢ ! ÒÅÍÎÁÎÔ ÐÏÌÁÒÉÚÁÔÉÏÎ ÏÆ ͯρτ ʈ#ȾÃÍό ÉÓ ÁÃÈÉÅÖÅÄȟ ×ÉÔÈ Á ÌÏ× ÃÏÅÒÃÉÖÅ 
voltage (~1 V), enabling programming below 2 V.  Fig. 2c presents I-V characteristics in polarization 
upward and downward states, with an Ὅ ȾὍ  ratio of 3 at Vread = +0.4 V. Due to the relatively thick 
HZO barrier (~5 nm, ~2 eV), direct tunneling currents remain low (~0.1 ɀ ρ Ð!ȾʈÍόɊȢ 2ÅÓÉÓÔÁÎÃÅ 
memory loops (Fig. 2d) were recorded using 1 ms pulses of varying amplitudes, with resistance 
extracted as Ὑ  ὠ ȾὍ. The resistance ratio is ~200%, with over 16 stable intermediate states, 
corresponding to 4-bit memory. Switching occurs near 1 V, in line with the coercive voltage, confirming 
a ferroelectric-driven mechanism (Fig. 2).  
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Fig. 1: (a) HRTEM cross-section image of the stack; (b) magnified view of an HZO crystallite with the atomic 
structural model of the orthorhombic phase in the [101] zone axis superimposed, along with the simulated 
HRTEM image ÁÔ Á ÄÅÆÏÃÕÓ ÏÆ Ͼχτ ÎÍ ÁÎÄ Á ÔÈÉÃËÎÅÓÓ ÏÆ ψτ ÎÍȠ ɉc) Fast Fourier Transform (FFT) pattern 
from the area marked by the blue square in (a), containing both HZO and STO thin films, along with an 

additional FFT pattern (top left) from an HZO crystallite viewed along the [101] zone axis; (d) Fourier-filtered 
micrograph using (020)HZO and (200)STO reflections indexed in the FFT image in (c).  

Reproduced from Ref. [1]. 

 

 
Fig. 2: Ferroelectric properties and resistance states of the W/HZO/SrTiO3ɀ‏/ Si memristive device: (a,b) 
Displacement current and polarization versus applied voltage at 1 kHz. (c) I-V characteristics for two 

polarization states of the ferroelectric film. (d) Resistance variation under pulses with amplitudes ranging 
from 0.7 to 2.0 V (inset), demonstrating multiple intermediate states. Vread (+0.4 V) is the applied voltage for 

resistance measurement. Reproduced from Ref. [1]. 
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Fig. 3a,b presents the evolution of conductance as a function of the number of applied pulses for different 
ÐÒÏÇÒÁÍÍÉÎÇ ÓÃÈÅÍÅÓȢ 7ÈÅÎ ÐÕÌÓÅÓ ×ÉÔÈ ÔÈÅ ÓÁÍÅ ÁÍÐÌÉÔÕÄÅ ɉϹς ÁÎÄ Ϻς 6Ɋ ÂÕÔ ÉÎÃÒÅÁÓÉÎÇ ×ÉÄÔÈ ÁÒÅ 
applied, a large number of intermediate states are accessible during potentiation, while depression 
remains more limited, resulting in asymmetry. Extending the pulse width range to 50 ns improves 
symmetry (Fig. 3b), highlighting the importance of pulse sequence optimization. 
!Ô ÓÈÏÒÔ ÔÉÍÅÓÃÁÌÅÓ ɉÕÐ ÔÏ υπ ʈÓɊȟ ÐÏÔÅÎÔiation is influenced by frequency dispersion related to the 
ÆÅÒÒÏÅÌÅÃÔÒÉÃ Ó×ÉÔÃÈÉÎÇ ÄÙÎÁÍÉÃÓȢ "ÅÙÏÎÄ υπ ʈÓȟ ÃÏÎÄÕÃÔÁÎÃÅ ÉÎÃÒÅÁÓÅ ÓÌÏ×Ó ÄÏ×Îȟ ÌÉËÅÌÙ ÄÕÅ ÔÏ ÉÏÎÉÃ 
effects in the HZO/SrTiO3ɀ‏ system. Using identical pulses instead of variable-width pulses is preferable 
for circuit design but has rarely been demonstrated in HZO-based devices. Here, it is shown that 
W/HZO/SrTiO3ɀ‏/ Si synapses can achieve multiple stable states with identical pulses and near-ideal 
characteristics (Fig. 3). The HZO/SrTiO3ɀ‏ ferroelectric memristors exhibit Spike Timing Dependent 
Plasticity (STDP), where synaptic strengthening or weakening depends on the timing between pre- and 
post-ÎÅÕÒÏÎ ÓÐÉËÅÓȢ 7ÈÅÎ ÔÈÅ ÔÉÍÅ ÓÅÐÁÒÁÔÉÏÎ ɉɝt) between pulses is small, their overlap leads to 
polarization switching, causing changes in synaptic weights (Fig. 3c,d). This effect is observed across 
different pulse widths, demonstrating that STDP can be observed not only at biological timescales (Ḑms) 
ÂÕÔ ÁÌÓÏ ÁÔ ÍÕÃÈ ÓÈÏÒÔÅÒ ÔÉÍÅÓÃÁÌÅÓ ɉЂρπ ɀ 100 ns) [1]. 
 

. 
Fig. 3: Potentiation and Depression of W/HZO/SrTiO3ɀ‏ / Si Synapse for Different Pulse Sequences. 

(a,bɊ #ÏÎÄÕÃÔÁÎÃÅ ÅÖÏÌÕÔÉÏÎ ÁÓ Á ÆÕÎÃÔÉÏÎ ÏÆ ÔÈÅ ÎÕÍÂÅÒ ÏÆ ÁÐÐÌÉÅÄ ÐÕÌÓÅÓ ÆÏÒ ÖÁÒÙÉÎÇ ÐÕÌÓÅ ×ÉÄÔÈÓ ɉυ ʈÓ ɀ 1 
ms in (a) and 50 ns ɀ 1 ms in (b). Insets in (b) show the combined pulse exceeding the threshold voltage Vth. 

Spike Time-Dependent Synaptic Plasticity (STDP) of the W/HZO/ SrTiO3ɀ‏/ Si synapse.  
(c) Schematic of pre- and post-neuron pulses applied to the HZO/ SrTiO3ɀ‏ synapse. (d) Synaptic weight 

ÃÈÁÎÇÅ ÁÓ Á ÆÕÎÃÔÉÏÎ ÏÆ ÔÈÅ ÔÉÍÅ ÉÎÔÅÒÖÁÌ ɝt between pre- and post-synaptic pulses for different pulse durations 
ɉÍÓȟ ʈÓȟ ÁÎÄ υττ ÎÓ ÔÉÍÅ ÓÃÁÌÅÓȟ ÒÅÓÐÅÃÔÉÖÅÌÙɊȢ !ÄÁÐÔÅÄ ÆÒÏÍ 2ÅÆȢ ɍ1]. 
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To address scale and temperature-ÄÅÐÅÎÄÅÎÔ ÐÒÏÐÅÒÔÉÅÓȟ ÆÅÒÒÏÅÌÅÃÔÒÉÃ "Á4É/ϝ ɉ"4Ɋ ÁÎÄ "4-based solid 
solutions have been investigated [1ɀ3]. However, the specific effects of grain size on Ba0.8Sr0.2TiO3 where 
strontium substitution shifts the ferroelectricɀparaelectric transition to lower temperatures, remain 
unclear. Conflicting reports exist on whether the Curie temperature increases or decreases with 
decreasing grain size. This uncertainty highlights the need for a detailed investigation into how finely 
tuned fabrication processes and grain size manipulation can optimize ferroelectric and dielectric 
properties of these promising materials.  
In this study [4], fine-grained Ba0.8Sr0.2TiO3 ceramics were synthesized starting from a high-quality 
nanopowder produced by an acetate sol-gel process. The preparation method is schematically 
illustrated in Fig. 1. Three different sintering regimes were employed: the first sample (1BST) was 
ÓÉÎÔÅÒÅÄ ÁÔ ρπππ Ј# ÆÏÒ τ ÍÉÎÕÔÅÓȟ ÔÈÅ ÓÅÃÏÎÄ ɉς"34Ɋ ÁÔ ρπυπ Ј# ÆÏÒ ς ÍÉÎÕÔÅÓȟ ÁÎÄ ÔÈÅ ÔÈÉÒd (3BST) at 
ρπυπ Ј# ÆÏÒ τ ÍÉÎÕÔÅÓȢ 
 

 
Fig. 1: Schematic representation of the processing stages for preparing dense fine-grained ceramics. 

Reproduced from Ref. [4]. 

 
X-ray diffraction (XRD) analysis confirmed that the ceramics are single-phase BST. However, detailed 
Rietveld refinements indicated that a diphase model ɀ incorporating both cubic and tetragonal 
modifications ɀbest fitted the experimental data. As the sintering temperature and time increased, the 
grain size grew, and the proportion of the tetragonal phase increased from 67.3% in 1BST to 89.9% in 
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3BST, accompanied by an enhancement in tetragonality (c/a ratio). Field-emission scanning electron 
microscopy (FE-3%-Ɋ ÒÅÖÅÁÌÅÄ ÔÈÁÔ ρ"34ȟ ÓÉÎÔÅÒÅÄ ÁÔ ρπππ Ј# ÆÏÒ τ ÍÉÎÕÔÅÓȟ exhibited a dense, uniform 
ÍÉÃÒÏÓÔÒÕÃÔÕÒÅ ×ÉÔÈ ÎÅÁÒÌÙ ÓÐÈÅÒÉÃÁÌ ÇÒÁÉÎÓ ÁÖÅÒÁÇÉÎÇ χχ ÎÍȢ )Î ÃÏÎÔÒÁÓÔȟ ÔÈÅ ς"34 ÁÎÄ σ"34 ÓÁÍÐÌÅÓȟ 
ÓÉÎÔÅÒÅÄ ÁÔ ρπυπ Ј# ÆÏÒ ÌÏÎÇÅÒ ÄÕÒÁÔÉÏÎÓȟ yielded larger, well-ÆÁÃÅÔÅÄ ÇÒÁÉÎÓ ×ÉÔÈ ÁÖÅÒÁÇÅ ÓÉÚÅÓ ÏÆ ρχω ÎÍ 
ÁÎÄ ςστ ÎÍȟ ÒÅÓÐÅÃÔÉÖÅÌÙ. All maintained unimodal grain size distributions. High-resolution 
transmission electron microscopy (HR-TEM) further demonstrated that individual grains are 
structurally heterogeneous, showing pseudo-ÃÕÂÉÃ ȰÄÅÁÄȱ ÌÁÙÅÒÓ ÁÔ ÔÈÅ ÇÒÁÉÎ ÂÏÕÎÄÁÒÉÅÓ ÁÎÄ ÍÏÒÅ 
relaxed tetragonal cores ɀ a finding that supports the "brick-wall" model. This composite-like grain 
structure is believed to influence the observed scaling of dielectric properties with grain size in these 
ferroelectric ceramics (Fig. 2). 
 

 
Fig. 2: (a) Room-temperature XRD pattern of the sol-gel powder calcined at 900 °C for 2 h: inset Ͼ detail (pink 

rectangle of (aɊɊ ÏÆ ÔÈÅ ÒÅÇÉÏÎ ÃÏÒÒÅÓÐÏÎÄÉÎÇ ÔÏ ÔÈÅ ÄÉÆÆÒÁÃÔÉÏÎ ÁÎÇÌÅÓ φʃ Є ψψȢω Ͼ ψϊȢω°; (b) FE-SEM image: 
inset ɀ particle size distribution histogram; (c) TEM image revealing isolated particles: inset ɀ SAED pattern; 
(d) HR-TEM image; (e) Room-temperature XRD patterns of the sol-gel ceramics consolidated by SPS and (f) 
detail (the light-yellow region in (eɊɊ ÏÆ ÔÈÅ ÒÅÇÉÏÎ ÃÏÒÒÅÓÐÏÎÄÉÎÇ ÔÏ ÔÈÅ ÄÉÆÆÒÁÃÔÉÏÎ ÁÎÇÌÅÓ φʃ Є ψψȢω ɀ 46.5°, 
(gɀi) FE-SEM images in fracture of the sol-gel ceramics consolidated by SPS at: (g) at 1000 °C/4 min (1BST); 
(h) at 1050 °C/2 min (2BST,  and (i) at 1050 °C/4 min (3BST); in the bottom-left corners of (g,h) histograms 
indicating the grain size distribution in the samples under investigation were depicted, HR-TEM images and 

FFT patterns related to the HR-TEM images for the (j,k) grain boundary regions and (l,m) grain core regions. 
Insets of (j,ÌɊ Ͼ ÉÎÔÅÒÐÌÁÎÁÒ ÄÉÓÔÁÎÃÅÓ ÍÅÁÓÕÒÅÍÅÎÔÓ ÁÎÄ ÉÎÓÅÔ ÏÆ ɉmɊ Ͼ enlarged view of the area delimited by 

the red square. Reproduced from Ref. [4]. 

 
The dielectric properties of the dense fine-grained Ba0.8Sr0.2TiO3 ceramics were investigated over a wide 
frequency range of 10² ɀ ρπϑ (Ú ɉFig. 3). The significant grain size reduction was found to affect the 
ÐÅÒÍÉÔÔÉÖÉÔÙ ÁÎÄ ÔÈÅ ÎÁÔÕÒÅ ÏÆ ÔÈÅ ÐÈÁÓÅ ÔÒÁÎÓÉÔÉÏÎÓȢ 4ÈÅ #ÕÒÉÅ ÔÅÍÐÅÒÁÔÕÒÅ ÏÆ στυ + ÒÅÍÁÉÎÓ ÃÏÎÓÔÁÎÔ 
across all samples. By systematically reducing the grain size, the ferroelectricɀparaelectric (TɀC) 
transition becomes broader, while the lower-temperature orthorhombic ɀ tetragonal and 
rhombohedral-orthorhombic transformations (OɀT and RɀO) are flattened and can even vanish in 
ultrafine grains. Tetragonal and cubic phase coexistence is achieved in the proximity of room-
temperature. Although the maximum permittivity decreases in the ultrafine ceramic and the Maxwellɀ
Wagner relaxation becomes more evident at high temperatures and low frequencies, the dielectric 
losses remain low (below 5% for 1BST). Analysis using modified CurieɀWeiss laws reveals that, as the 
grain size grows, both the CurieɀWeiss temperature and the Curie constant increase, whereas the 
diffuseness of the transition diminishes. These findings are consistent with a composite-like structural 
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model, where non-ferroelectric (cubic) boundary regions grow in relative volume as the grain size 
shrinks, diluting the overall ferroelectric response. 
 

 
Fig. 3: (aɊ 4ÈÅ ÒÅÁÌ ÐÁÒÔ ÏÆ ÐÅÒÍÉÔÔÉÖÉÔÙ ɉʀ Ɋ ÁÎÄ ɉÂɊ ÌÏÓÓ ÔÁÎÇÅÎÔ ɉÔÁÎ ɿɊ ÁÓ Á ÆÕÎÃÔÉÏÎ of temperature at a fixed 

frequency of 2 × 104 Hz; analyses according to the (c) classical and (d) modified Curie-Weiss law for 1BST, 
2BST, and 3BST compositions; Polarization ɀ electric field (PɀE) hysteresis loops of the fine-grained BST 

ceramics at room-temperature: (e) 1BST, (f) 2BST, and (g) 3BST at the maximum field and (h) all the samples 
in a comparative representation at the same electric field of 30 kV/cm, (j) schematic representation of 

microstructures in fine-grained Ba0.8Sr0.2TiO3 ceramics. Reproduced from Ref. [4]. 

 
! ȰÂÒÉÃË-wall" model with cubic grain boundary regions and tetragonal grain cores is proposed. When 
the grain size decreases into the nanometre range, the increasing amount of cubic modification causes 
an increasing trend in thÅ ÖÏÌÕÍÅ ÏÆ ÔÈÅ ÕÎÉÔ ÃÅÌÌ ÒÅÌÁÔÅÄ ÔÏ ÔÈÉÓ ÐÈÁÓÅȢ 5ÎÌÉËÅ ÕÎÄÏÐÅÄ "Á4É/ϝȟ ÔÈÅ #ÕÒÉÅ 
temperature (TC) in Ba0.8Sr0.2TiO3 remains unaffected by grain size within the 77 ɀ ςστ ÎÍ ÒÁÎÇÅ. This 
is a result of competing factors ɀ internal stresses that tend to lower TC vs. the larger unit cell volume of 
the cubic boundary phase that tends to increase it ɀ leading to a net balance and a stable TC. All fine-
grained BST ceramics exhibit switchable spontaneous polarization. As the grain size increases, the 
maximum polarization rises, while the coercive field decreases, reflecting enhanced tetragonality in the 
larger-grained samples. 
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Image Potential States (IPS) are quantized two-dimensional (2D) unoccupied electronic states that are 
formed in front of the surface of a material due to the attractive electrostatic force between an electron 
and its induced image charge within the material located symmetrically with respect to the surface. The 
quantized energy levels of IPS follow a Rydberg-like series and the binding energy decreases for higher-
order states as the electron is farther from the surface. The IPS have a free-electron like dispersion 
parallel to the surface and are described by:  

Ὁ
Ὑ

ρφὲ ὥ

ᴐ

ςά
Ὧz᷆ 

 
where Ὁ  is the energy of the n-th level of the Rydberg-like series, Ὑ  is the Rydberg constant, n the 
quantum number, a (a ɴ  [0, 0.5]) is the quantum defect that corrects the penetration of the wave-
function into the bulk, άᶻ is the effective mass and Ὧ᷆ the momentum component parallel to the surface. 
Experimentally, IPS are mainly investigated by Inverse Photoemission Spectroscopy (IPES), Two-
Photon Photoemission (2PPE) or multi-Photon Photoemission (mPPE) and scanning tunnelling 
microscopy and spectroscopy (STM/STS) techniques. Time- and angle-resolved (TR and AR) 
photoemission methods allow the detection of the binding energy, lifetime, effective mass, and the 
dispersion of the unoccupied states, discriminating between surface states, interface states or IPS.  
IPS states are important in understanding surface physics, charge dynamics, and phenomena such as 
field emission, electron scattering, charge transfer, charge injection, and work function.  
In 2D materials, IPS exhibit unique characteristics influenced by the reduced dimensionality and 
electronic properties of these systems, offering important information for potential applications 
especially for nanoscale electronic and optoelectronic devices.  
The work published in Ref. [1] based on a collaboration with Professor Harold J.W. Zandvliet, review 
recent developments in the detection and analysis of IPS in single- and multilayered 2D materials, 
heterostructures and nanostructures thereof (Fig. 1), addressing several issues that can have an effect 
on IPS, including the preparation method, quality of the material, defects, interfacial interactions, and 
interactions with the substrate.   
The review highlighted the utilization of IPS spectra to characterize:  

i. single-layer 2D materials (such as graphene, h-BN, Xenes, MXenes, chalcogenides) deposited or 
transferred on various substrates; 

ii. single-layer 2D materials with various materials (such as NaCl, Se, S, O, Au, Cu, Co) intercalated 
at the interface with the substrate; 

iii. heterostructures of hybrid 2D materials; 
iv. heterostructures of 2D self-assembled monolayers of organic molecules and 2D materials; 
v. nanostructures of 2D materials, such as nanoislands and nanoribbons. 

 
The article [1] summarizes IPS studies that provide valuable information on the coupling strength 
between the 2D layer and the substrate; the appearance of new interfacial electronic states; the 
decoupling from the substrate by intercalation or insulating layers; the effects of functionalization, 
doping, and defects; the lateral modulation of electronic properties; and the size, and lateral 
confinement effects of quantum dots or nanoislands. 
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A free-standing 2D material is expected to exhibit, owing to its two surfaces, mirror-symmetry-induced 
splitting of the IPS to two IPS series for each side of the material. When a single layer of a 2D material is 
deposited on a substrate, the mirror symmetry is broken and usually only a single series of IPS peaks is 
observed. These IPS, which are trapped in a potential well in front of the surface of the 2D material, are 
modified by interfacial interactions. Therefore, IPS typically serve as a testimony of the interaction with 
the substrate. A lattice parameter mismatch of the 2D material with the substrate, frequently leads to a 
moiré superstructure. These moiré structures can result in a lateral modulation of the interfacial 
interaction that leads to a modulation of the electronic states, IPS, and work function. These 
electronically corrugated 2D materials can serve as templates for heterostructures with complex 
properties. Furthermore, nanoislands and quantum dots of 2D materials often lead to laterally confined 
IPS and quantum dots. In Ref. [1] are included the above-mentioned issues for the materials schematized 
in Fig. 1.   
 
Reference: 

[1]  B. Borca, H.J.W. Zandvliet, Image potential states of 2D materials, Appl. Mater. Today 39 (2024) 102304. 

 

 
Fig. 1: Schematic representation of the reviewed 2D systems. Figure taken from Ref. [1] under the Creative 

Commons license CC BY-NC 4.0.  
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The exchange bias (EB) is an important effect used in technological applications such as spin-based 
electronic devices including magnetic sensors (e.g., spin valves) and magnetic media for (ultra)high-
density data storage (e.g., read-heads). Enhancement of the coercivity (of fine particles) to improve the 
performance of materials for permanent magnets is another application of the EB effect. 
Depending on the preparation technique, the composites or the mixtures of (FM) (or ferrimagnetic, FIM) 
and antiferromagnetic (AFM) nanoparticles can be classified into three representative groups: 
mechanical milling, reduction (or overoxidation), and methods such as drying (colloidal) suspensions 
of the particles.  (1) The main challenges of composites or mixtures produced using these techniques 
are the minimal or absent exchange bias and the tendency of the particles to coarsen. The solution for 
EB systems similar to Fe-FeO would be to use the method of partial reduction (by annealing in a reducing 
atmosphere) of the FeO to Fe nanoparticles embedded in the nonmagnetic/nonreactive (oxide) 
environment, which ensures (i) disordering at FM/AFM interfaces with stronger exchange coupling and 
(ii) prevention of magnetic nanoparticle agglomeration and excessive coarsening. (2) Another poorly 
addressed aspect is the influence of different processing parameters on the EB effect or the quality of 
exchange coupling between the AFM and FM spins at the FM/AFM interfaces. (3) There are few 
systematic investigations of the FM component (apart from having its spins pinned by AFM in an EB 
system) in terms of its coexistence in different magnetic regimes (e.g., superparamagnetic, blocked or 
multidomain) and relatively broad particle size and coercivity (HC) distribution. ( 4) Another 
unaddressed aspect refers to the origin of HC suppression in an EB system at room-temperature (RT) 
(or above Tn) after cycling the field-cooled (FC) hysteresis loop. (5) There are no (systematic) studies 
on the Fe-FeO-ZnO EB systems. 
All the issues mentioned above were addressed in our studies [1,2]. The complex systems of randomly 
oriented EB interfaces, i.e., the composites of nanosized AFM FeO, FM a-Fe, and ZnO, were prepared 
under non-identical conditions involving the reduction of sol-gel-derived precursors of various Zn:Fe 
atomic ratios (0.97:0.03, 0.8:0.2, and 0.4:0.6) in a hydrogen-containing atmosphere (Table 1). We 
investigated the magnetic behaviour of exchange-biased Fe(FM)-FeO(AFM)-ZnO nanocomposites and 
explored their  relationship with the processing conditions, particularly in terms of the system stability , 
including FM/AFM interfaces. To interpret the EB effect in these complex systems, we applied a spin-
glass (SG)-like model. 
 The main findings of the study [1] are summarized below: 

a. ZnO can serve as a suitable nonmagnetic/nonreactive environment in EB systems, preventing 
the agglomeration and coarsening of Fe (and FeO) particles at the preparation stage. 

b. A superposition of superparamagnetic and ferromagnetic behaviours in the was observed in the 
M vs. H (Fig. 1aɀd) and M vs. T (Fig. 1e) curves for all samples. This was assigned to the 
coexistence of low-coercivity multidomain and superparamagnetic Fe particles alongside high-
coercivity Fe in the blocked state (Fig. 1f).  

c. All samples exhibited the EB effect (Fig. 2aɀd), ascribed to the exchange coupling between the 
AFM and FM spins at the FeO/Fe interfaces. The EB field and coercivity enhancement reached 
values as high as 243 Oe and 223 Oe, respectively (Fig. 2e).  

d. A larger loop shift and coercivity enhancement were observed in samples prepared under 
conditions of higher non-equilibrium . These promote the formation of unstable/disordered FeO 
and Fe phases, resulting in FeO/Fe interfaces with stronger exchange coupling. This trend can 
be seen by comparing Figs. 2a and 2d with Figs. 2b and 2c. 

e. The training effect (Fig. 3a,b) obeyed a SG-like model. 

( (¤ !Å !Å                                         (1)  
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consisting of the relaxation of two components of disordered spins at the Fe/FeO interfaces towards 
their equilibrium configuration: the uncompensated (1) low anisotropy interfacial (rotatable) AFM 
spins and (2) frozen AFM spins. Component (1) explains the observed HC improvement, whereas (2) the 
EB shift, vertical shift, and open loop along the cooling direction field.  

f. The reduction of HC (and wasp-wasting of the hysteresis loop), observed in the 5 ɀ 300 K range 
after the FC measurement procedure (Fig. 3c,d), was tentatively assigned to the irreversible 
reconfiguration of a metastable FM state consisting in an increase of the fraction of low-
coercivity relative to high-coercivity Fe nanoparticles. 

 
Table 1: The calcination and annealing conditions. The degree of stability of the systems after annealing at 500 °C. 

The as-prepared powders derived 
from Zn -Fe-carboxylate precursors  

The samples studied in this work, derived from the as -
prepared powders  

Sample Calcination conditions (Final 
product: ZnFe2O4 + ZnO) 

Sample Annealing conditions. 
(Final product: Fe + FeO + 
ZnO) 

The degree of stability 
(equilibrium) inferred 
from the processing 
conditions 

ZF3- 
AP1 

Heated with a 20 °C/min rate 
to 400 °C and calcined for 20 
min 

ZF3- 
500-15 

Annealed at 500 C̄ for 15 
min in Ar-5 %H2 (kept at 
405 ̄ C in the air for 60 min 
during heating) 

3 

ZF3- 
AP2 

Heated with a rate of 1.5 
°C/min to 400 C̄, calcined for 
20 min, then heat treated at 
370 ̄ C in the air for 30 min 

ZF3- 
500- 
120 

Annealed at 500 ̄ C for 120 
min in Ar-5 %H2 

2 

ZF20- 
AP 

Heated with a rate of 1.5 
C̄/min to 400 °C, calcined for 

20 min, then heat treated at 
370 ̄ C in the air for 60 min 

ZF20- 
500-60 

Annealed at 500 C̄ for 60 
min in Ar-5 %H2 

1 (most stable) 

ZF60- 
AP 

Heated with a 20 C̄/min rate 
to 400 C̄ and calcined for 20 
min 

ZF60- 
500-30 

Annealed at 500 C̄ for 30 
min in Ar-5 %H2 

4 (most unstable) 

 

 
Fig. 1: M vs. H curves measured at/or between 5 K and 300 K for annealed samples: (a) ZF60-500-30; (b) 
ZF60-700 and F700; (c) ZF3-500-120; and (d) ZF3-500-15. Insets show magnified curves at the origin. (e)  

Zero-field-cooled (ZFC) and field-cooled (FC) magnetization curves measured between 5 K and 300 K for 500 
°C annealed samples, with an example shown for sample ZF3-500-15. Inset: Imaginary component of AC 

magnetic susceptibility vs. temperature at a frequency of 2 Hz. (f) Dependence of the HC on the average Fe 
particle size.  Reproduced from Ref. [1]. 
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Fig. 2: (aɀd) Hysteresis loops measured at 5 K in the ZFC and FC regime (in the applied field Hfc= 4 kOe) of 

the samples annealed at 500 °C. Insets: the magnified curves at the origin. (e) Hex vs. T, Hc-fc vs. T, and 
coercivity enhancement, DHC vs. T, for sample ZF3-500-15.  Reproduced from Ref. [1]. 

 
Fig. 3: (a) Consecutively cycled four hysteresis loops at 5 K after filed-cooling in Hfc = 40 kOe for ZF60-500-30. 
Inset: Hex and Hc vs. loop number, n. (b) The fit of Hex vs. n using equation 1. (c) M vs. H for ZF60-500-30 cooled 
under Hfc = 40 kOe at different temperatures, the curves were measured after the first FC hysteresis loop at 5 
K.  Top inset: the magnified curves at the origin. Bottom inset: Hex vs. T and Hc-fc vs. T. (d) The hysteresis loops 

measured at 300 K before and after the first FC cycle at 5 K for ZF60-500-30.  Reproduced from Ref. [1]. 
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The current two studies recently reported are a continuation of previous synthetic explorations started 
in 2020 by Baragau et al. [1], when the continuous hydrothermal flow synthesis (CHFS) methodology 
was optimised for carbon quantum dots synthesis, being for the first report in the literature. This article 
was followed by three more studies using glucose as carbon source [2] also succeeding the sulphur [4] 
and nitrogen [4] doping of these glucose-derived carbon quantum dots via CHFS. The nitrogen doping 
process of carbon quantum dots is usually employed to enhance their physical and chemical properties, 
but there are no established requirements in the selection process of the nitrogen sources in producing 
high-quality nitrogen-doped carbon quantum dots (NCQDs). Also, the carbon source can play a key role 
in obtaining high quality nitrogen-doped carbon quantum dots. The current two studies explore the 
effect of nitrogen source nature when the carbon source was citric acid [5] and the influence of the 
carbon source when urea was used as nitrogen source dopant [6] (see the CHFS reaction setup and 
synthetic process schematics in Fig. 1). 
The report from Small [5] explores the influence of various nitrogen dopants on the morphology, optical 
features, and band structure of NCQDs; citric acid is used as the carbon source, and urea, trizma base, 
beta-alanine, L-arginine, and EDTA are used as nitrogen sources. Notably, urea and trizma produced 
NCQDs with excitation-independent fluorescence, high quantum yields (up to 40%), and uniform dots 
with narrow particle size distributions. Density functional theory (DFT) and time-dependent DFT 
modelling established that defects and substituents within the graphitic structure have a more 
ÓÉÇÎÉÆÉÃÁÎÔ ÉÍÐÁÃÔ ÏÎ ÔÈÅ .#1$Óȭ ÅÌÅÃÔÒÏÎÉÃ ÓÔÒÕÃÔÕÒÅ ÔÈÁÎ ÎÉÔÒÏÇÅÎ-containing functional groups. 
Importantly, for the first time, this work demonstrates that the conventional approach of modelling 
single-layer structures is insufficient, but two layers suffice for replicating experimental data. This study, 
therefore, provides essential guidance on the selection of nitrogen precursors for NCQD customization 
for diverse applications. These findings highlight the critical role of precursor reactivity, solubility, and 
molecular structure in the carbonization process. Urea and trizma facilitated the decarboxylation and 
dehydration of citric acid, which proved crucial for the formation of an optimal graphitic carbon core. 
On the other hand, amino acids primarily led to polymerization pathways, resulting in a larger particle 
size distribution. Interestingly, we achieved excitation-independent emission for samples synthesized 
with urea and trizma, suggesting a uniform, single emissive state. A theoretical analysis further 
corroborated these findings, indicating that at least two layers of the graphitic structure need to be 
considered in any models to accurately reflect these experimental results. Functionalizing groups such 
as ɀNH2, ɀCOOH, ɀCONH2, ɀOH, ɀNO, were found to have a relatively minor impact on the properties of 
NQCDs, suggesting that these groups can be utilized to fine-tune the emission properties, including 

https://onlinelibrary.wiley.com/doi/full/10.1002/smll.202310587
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colour of the NQCDs. This effect was observed for a single-layer structure and is expected to remain 
consistent irrespective of the number of layers. Supporting this, electron analysis showed no significant 
activation or charge redistribution around the functionalizing groups upon excitation. In contrast, 
defects and substitutions, such as carbon vacancies or graphitic and pyrrolic nitrogen atoms, exerted a 
more pronounced influence on the properties of NQCDs. 
 

 
Fig. 1: CHFS reactor representation and nitrogen-doped carbon quantum dots synthetic process schematics. 

Adapted from Ref. [6]. 

 
The report from Carbon [6] explores the CHFS synthesis of nitrogen-doped carbon quantum dots (CQDs) 
from various biomass derived carbon sources, including high molecular weight polymeric sources like 
chitosan, lignin, and humic acid, observing that the carbon source structure significantly affects the size 
of the fabricated NCQDs and their optical properties. Citric acid, a low molecular weight precursor, 
yields NCQDs with excitation-independent emission, higher quantum yields, and low non-radiative 
losses, while NCQDs derived from polymeric precursors exhibit excitation-dependent, red-shifted, and 
lower efficiency emission. Theoretical calculations, performed to understand the configuration and 
distribution of nitrogen dopants within the NCQD structure, show that pyridinic and graphitic nitrogen 
atoms exhibit a strong preference to aggregate near the centre of the edge of the NCQD and not in the 
vertices nor in the graphitic core, thus affecting the HOMO and LUMO, bandgap, and light absorption 
and emission wavelengths. Comparing the distinct optical properties of the as-synthesised NCQDs 
provides key findings into their complex photoluminescence mechanisms and the role of molecular 
fluorophores. Citric acid stands out in producing NCQDs with excitation-independent emission, and 
higher quantum yield. In contrast, NCQDs derived from the polymeric precursors exhibit excitation-
dependent, red-shifted, lower efficiency emission consistent with carbon core-confined states. These 
results highlight that the carbon source strongly influences the balance of molecular versus carbonized 
emitting states in NCQDs produced under same flow synthesis conditions. The optical properties of the 
NCQDs, including their fluorescence, depend on the particle size as well as the configuration of nitrogen 
dopants. Theoretical calculations show that the configuration of the nitrogen is not random. Instead, 
pyridinic and graphitic nitrogen atoms exhibit a strong preference to aggregate near the centre of the 
edge of the NCQDs and not in the vertices or the graphitic core. This is also shown to be the most active 
part of the NCQDs, as HOMO and LUMO are located there. Moreover, nitrogen dopants impact the work 
function and bandgap, thus influencing the light absorption and emission wavelengths, especially 

https://www.sciencedirect.com/science/article/pii/S000862232400842X?via%3Dihub
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pyridinic nitr ogen. The weak fluorescence exhibited by these NCQDs correlates with their limited 
pyrrolic nitrogen content. Furthermore, the electronic structure of the NCQDs agrees with the other 
characterisation results and the principles of quantum confinement effects. Therefore, this study 
provides molecular-level insights into the interplay between carbon sources and unique NCQDs 
ÐÈÏÔÏÌÕÍÉÎÅÓÃÅÎÃÅ ÍÅÃÈÁÎÉÓÍÓȢ !ÌÓÏȟ ÔÈÅ ,#! ÁÎÁÌÙÓÉÓ ÈÉÇÈÌÉÇÈÔÓ #(&3ȭÓ ÇÒÅÅÎ ÁÄÖÁÎÔÁÇÅÓ ÆÏÒ 
producing NCQDs over batch methods. CHFS exhibits values below 20% for climate change, resource 
use, and freshwater eutrophication impacts, compared to over 60% for batch hydrothermal processes. 
Overall, this work demonstrates the power of continuous hydrothermal flow reactors to sustainably 
generate NCQDs from waste biomass streams with tailored properties based on the precursor 
chemistry. 
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A novel class of nanostructured materials are represented by the glassy nanocomposites where optically 
active nanocrystals are well dispersed within the amorphous matrix. They have high potential for 
various applications such as optical amplifiers, photovoltaic devices, scintillators, optical waveguides, 
optical refrigerator, and high-power white light -emitting diodes. Precipitation of a specific 
nanocrystalline phase within the amorphous glassy matrix is reached during a subsequent thermal 
processing [1]. Lanthanide doped GdF3 present a special interest for multicolour emitting phosphors 
including white light applications. The overlapping between the 4f energy-levels of the Gd3+ and UV-
excited states of RE3+-ions, promote an efficient energy transfer between them [2]. 
For the preparation of RE3+(1%)-doped 94SiO2ɀ5GdF3(mol%) glassy nanocomposites (RE=Pr, Sm, Eu, 
Dy, and Tb) and co-doped with Li we have used the sol-gel synthesis [3]; the glass-ceramisation was 
obtained after calcination of the dried xerogel at 530 °C for 60 min.  
The Li, RE-doped nanocomposites XRD patterns revealed the diffraction peaks assigned to the GdF3 
nanocrystalline phase precipitation. (Fig. 1). The GdF3 exhibits two crystalline structures, orthorhombic 
(Pnma (No. 62)) and hexagonal (P63/mcm (No. 193)) which differ significantly in coordination number, 
lattice volume, etc. and the patterns showed both crystalline phases 
 

 
Fig. 1: The XRD patterns recorded on RE-doped glass ceramic samples GCLi-RE; the structure and XRD 

patterns of orthorhombic GdF3 (ICDD-PDF 012ɀ0788) and hexagonal GdF3 (ICDD-PDF no. 070-0249) are 
included. Reproduced from Ref. [3]. 

 
XRD pattern analysis show a good correlation between the ionic radii of RE3+ ions [4] and structure of 
the GdF3 nanocrystals. The structure is hexagonal for Pr3+ and Sm3+ ions, whose ionic radii are larger 
than that of Gd3+, and orthorhombic the Dy3+, Yb3+, and Er3+, whose ionic radii are smaller. A mixture of 
ÂÏÔÈ ÐÈÁÓÅÓ ×ÁÓ ÏÂÓÅÒÖÅÄ ÆÏÒ %Õύϕ ÁÎÄ 4Âύϕȟ ×ÈÅÒÅ ÔÈÅ ÉÏÎÉÃ ÒÁÄÉÉ ÁÒÅ ÃÌÏÓÅ ÔÏ ÔÈÁÔ ÏÆ 'Ä3+. An estimation 
of the GdF3 hexagonal/orthorhombic ratio from the XRD pattern analysis revealed a monotone 
transition between the nanocrystalline phases. This transition is dependent on the RE-ion size, with 
selective formation of the orthorhombic or hexagonal GdF3 nanocrystalline phases. The observed phase 
ÓÔÁÂÉÌÉÔÙ ÉÓ ÌÉÎËÅÄ ÔÏ ÔÈÅ ȰÌÁÎÔÈÁÎÉÄÅ ÃÏÎÔÒÁÃÔÉÏÎȱ ÅÆÆÅÃÔȟ ×ÈÉÃÈ ÐÌÁÙÓ ÁÎ ÉÍÐÏÒÔÁÎÔ ÒÏÌÅ ÉÎ ÓÔÁÂÉÌÉÚÉÎÇ ÔÈÅ 
phase structure of the REF3 nanocrystalline materials [5]. As can be seen, in the present case, the RE3+ 
dopant ions are responsible for the stabilization of the specific GdF3 phase, whether orthorhombic or 
hexagonal. The RE3+ ions, whose ionic radii are larger than that of Gd3+ ions, expand the crystal lattice 
and increase the distance between fluoride anions. This results in a decrease in the repulsive energy 
between fluoride anions, ultimately favouring the formation of hexagonal GdF3 nanocrystals. 
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Conversely, the doping of smaller RE3+ ions leads to the formation of orthorhombic phase GdF3 
nanocrystals [3].  
 

 
Fig. 2: Low magnification TEM image of Tb3+-doped SiO2-GdF3 sample (GCLi-Tb) and the corresponding SAED 

pattern recorded on two different areas. The size distribution of the nanocrystals is showed in the bottom-
right corner. Reproduced from Ref. [3]. 

 
The occurrence of the GdF3 nanocrystals dispersed in the silica glassy matrix is revealed by the 
transmission electron microscopy (TEM) images recorded on Tb3+-doped SiO2-GdF3 glass-ceramic 
sample (GCLi-Tb). These micrographs showed a large number of well-dispersed, quasi-spherical 
nanocrystals with size of tens of nanometres. The selected area electron diffraction (SAED) pattern 
confirmed the presence of dominant orthorhombic a-GdF3 nanocrystals, accompanied by hexagonal b-
GdF3 nanocrystals (Fig. 2).  
Under UV-light excitation at 273 nm, we observed sharp Gd3+ UV luminescence at 310 nm (8S7/2 ­ 
6PJ) accompanied by the typical RE3+ ions luminescence peaks, indicating an energy transfer (ET) 
process from Gd3+ sensitizer to RE3+ activator. The Stark splitting of the luminescence bands, due to the 
degeneracy lifting by the local crystal field (of GdF3 nanocrystals) in which the RE3+ ions are 
incorporated, is also evident (Fig. 3). The efficiency of the Gd3+­ RE3+ energy transfer process (hET) has 
been evaluated from the Gd3+ luminescence lifetime at 310 nm in undoped (tGd) and RE3+-doped glass-
ceramics. The highest hET @ 80% was observed for the GCLiTb sample, and the lowest hET of @ 21% for 
the GCLiSm sample. 
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Fig. 3: Normalized photoluminescence spectra recorded on undoped and RE3+-doped glass ceramic samples 

recorded under Gd3+ ions 273 nm excitation. Possible energy transfer paths Gd3+­ RE3+ are shown. 
Reproduced from Ref. [3]. 

 
Finally, we observed that the relatively high ET values were not accompanied by intense luminescence 
signals, except for the Tb3+ ions, where the luminescence was weakly visible. We propose several 
contributing factors: (i) high absorption by the silica glass matrix in the UV region of the Gd3+ ions 
absorption; (ii) a high local RE-ions concentration within the nanocrystals (up to 20%), leading to a high 
rate of non-radiative transitions between close pairs and the luminescence concentration quenching; 
and (iii ) effective matching between the Gd3+ and RE3+ energy levels, which occurs only for Eu and Tb 
dopant ions. 
Hence, our experimental results demonstrated the precipitation of the GdF3 nanocrystalline phase 
wi thin the silica matrix, where the Li+ ions act as promoters of the crystallization process, and the RE-
dopant ions drive the formation of the particular GdF3 crystalline phase. The whole process can be 
described as an autocatalytic-type reaction, where a second metastable phase, LiF, acts as a catalyst by 
lowering the energy barrier for the crystallization of the GdF3 nanocrystalline phase.  
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Broadband photodetectors (PDs) with ultrasensitive responses across the ultraviolet (UV), visible (Vis), 
and near-infrared (NIR) spectral ranges have extensive applications in optical communications, 
environmental monitoring, imaging systems, medicine, and multispectral detection [1]. Recently, self-
powered PDs based on the photovoltaic (PV) effect in p-n junctions have gained significant attention, as 
they can operate without external power, reducing overall energy consumption [2]. The potential for 
self-driven PDs makes them highly attractive for applications in the Internet of Things and wearable 
electronics [3]. 
In particular, wide-bandgap semiconductor-based PDs for UV to visible (UV-Vis) detection offer 
advantages such as simple structures, easy miniaturization, and strong resistance to radiation in harsh 
environments [4ɎȢ !ÍÏÎÇ ÔÈÅÍȟ ÍÅÔÁÌ ÏØÉÄÅÓ ÌÉËÅ :Î/ȟ .É/ȟ ÁÎÄ 4É/Ϝ ÈÁÖÅ ÂÅÅÎ ÅØÔÅÎÓÉÖÅÌÙ ÅØÐÌÏÒÅÄ 
due to their non-toxicity, natural abundance, simple synthesis, and excellent stability, making them ideal 
for self-powered UV-Vis photodetection. Specifically, in ZnO-based PDs, the photovoltaic effect can be 
enhanced through the pyro-ÐÈÏÔÏÔÒÏÎÉÃ ÅÆÆÅÃÔȟ ×ÈÉÃÈ ÁÒÉÓÅÓ ÆÒÏÍ ÔÈÅ ÃÏÕÐÌÉÎÇ ÏÆ :Î/ȭÓ ÐÙÒÏÅÌectric 
properties with light absorption. Consequently, numerous studies have reported the UV detection 
capabilities of ZnO nanowires, thin films, and heterostructures. However, due to its wide bandgap, ZnO 
primarily absorbs UV light, posing a challenge for broadband photodetection applications. 
Recent studies have demonstrated that integrating metal nanoparticles (NPs), such as gold (Au) or silver 
(Ag), with ZnO-based PDs can significantly enhance UV detection by leveraging the localized surface 
plasmon (LSP) effect alongside the pyroelectric effect. However, the impact of metal NPs on self-
powered PDs for visible light detection remains unexplored. Given that plasmonic metal NPs strongly 
influence visible light absorption, our study investigates the role of Ag NPs of varying sizes at the 
interface of p-SnO and n-ZnO in an n-Si/p-SnO/n-ZnO heterojunction, aiming to enhance broadband 
photodetector performance [5]. The photoresponse of the fabricated photodetector under 650 nm 
pulsed laser illumination was systematically analysed. Compared to previously reported studies on Si-
based heterojunctions, this work demonstrates a self-powered photodetector with superior 
responsivity, sensitivity, and rapid rise and fall times. A key aspect of our investigation is the interaction 
between the LSP effect and the pyro-phototronic effect, which significantly enhances the performance 
of the n-Si/p-SnO/Ag NPs/n-ZnO heterojunction. 
To fabricate the Si/SnO/Ag NPs/ZnO structure, a thin Ag film was deposited with varying deposition 
times of 10, 20, 40, 80, and 160 seconds before the ZnO layer was applied. The deposition process was 
carried out using the ion beam sputter deposition (IBSD) technique on top of the pre-existing n-Si/p-
SnO structure. In order to obtain both structural and spectroscopic information about the ZnO deposited 
thin films and Ag nanoparticles, transmission electron microscopy (TEM) studies have been performed. 
Moreover, by combining the structural and spectroscopic TEM techniques we can corelate the 
distributio n and the size of the Ag nanoparticles with the quality of the photodetection properties.  
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Fig. 1: (a) Conventional Transmission electron microscopy (CTEM) image at low magnification of the 

Si/SnO/Ag NPs/ZnO multilayered structure corresponding to sample Ag@40 and (b) selected area electron 
diffraction (SAED) diagram performed on an area from the TEM image shown in (a). (c) High-angle annular 

dark-field scanning transmission electron microscopy (HAADF-STEM) image of the Si/SnO/Ag NPs/ZnO 
multilayered structure. (d) Energy dispersive X-ray spectroscopy (EDXS) map obtained by overlapping the Si, 
Ag, Zn, Sn elemental maps. The inset shows a detail of the HAADF-STEM image shown in (c), highlighting the 

existence of the Ag NPs at the SnO/ZnO interface. Adapted from Ref. [5]. 
 

Fig. 1a is a low magnification CTEM image, displaying the morphology of the sample in diffraction 
contrast. The sample contains the following layers: ITO layer with an average thickness of 12±3 nm, ZnO 
layer with an average thickness of 115±5 nm, Ag nanoparticles, a SnO layer with a thickness of 22±3 nm, 
and the Si substrate. Fig. 1b is a SAED pattern performed on the CTEM image from Fig. 1a, revealing the 
crystallinity of the sample. It contains a set of strong peaks assigned to the cubic Si structure of the 
substrate (space group Fd-3m), along with a series of diffraction rings, indicating the presence of 
polycrystalline materials. From the measurements performed on the SAED pattern, we indexed and 
assigned a set of diffraction rings as follows: two of them were assigned to the tetragonal SnO structure 
with space group P4/nmm and a=b=0.3849 nm, c=0.4894 nm lattice constants, with Miller indices (101) 
and (002) and the other two were assigned to the wurtzite structure (hexagonal structure) of ZnO with 
space group P63mc and a=b=0.3237 nm, c=0.522 nm lattice constants, with Miller indices (100) and 
(002). 
In order to show the presence and the morphology of the Ag nanoparticles at the SnO/ZnO interface, we 
performed EDXS mapping on the HAADF-STEM image from Fig. 1c. This technique enables the 
acquisition of an EDXS spectrum at each pixel of the HAADF-STEM image, generating elemental maps 
that illustrate the spatial distribution of the elements present in the sample. Although the EDXS lines for 
Sn and Ag are quite close, this issue can be mitigated by selecting a weaker line for the Ag elemental map 
(L line) and the M line for the Sn elemental map. The EDXS map shown in Fig. 1d was obtained by 
overlapping the Si, Sn, Ag, and Zn maps and clearly indicates a sharp interface with no perceptible atomic 
interdiffusion between the layers, within the resolution limits of the EDXS spectrometer. In addition, the 
Ag NPs exhibited a spheroidal morphology with a diameter of around 60ɀ70 nm, which is in good 
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agreement with the SEM measurements. The inset of the same figure shows a zoomed-in portion of the 
HAADF-STEM image from Fig. 1c, highlighting the formation of the Ag NPs at the SnO/ZnO interface. The 
enhanced pyro-phototronic effect can be understood as a result of the coupling between the 
photovoltaic effect at the Si/SnO junction, the pyroelectric effect in ZnO, and the plasmonic effect, which 
generates an additional electric field at the SnO/ZnO junction to facilitate charge separation. The PD 
exhibited a responsivity of 210.2 mA/W, a detectivity υτȢχϼρπϓ *ÏÎÅÓȟ and a sensitivity of 15.0×ρπώȟ 
along with rise and fall times of 2.3 and 51.3 µs, respectively. This work demonstrated that the 
combination of plasmonic Ag NPs with a ZnO pyroelectric film and a n-Si/p-SnO heterojunction offers a 
promising solution for highly responsive, sensitive, and ultrafast photosensing. 
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For the development of memory devices and continued progress of IT engineering, a deep 
ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÃÈÁÒÇÉÎÇϺÄÉÓÃÈÁÒÇÉÎÇ ÍÅÃÈÁÎÉÓÍÓ ÉÎ ÎÁÎÏÃÒÙÓÔÁÌÌÉÎÅ ÆÌÏÁÔÉÎÇ ÇÁÔÅ ÍÅÍÏÒÉÅÓ ÉÓ 
ÃÒÕÃÉÁÌ ÔÏ ÏÖÅÒÃÏÍÉÎÇ ÔÈÅ ÃÕÒÒÅÎÔ ÌÉÍÉÔÁÔÉÏÎÓȢ 4ÈÅ ÃÈÁÒÇÉÎÇϺÄÉÓÃÈÁÒÇÉÎÇ ÍÅÃÈÁÎÉÓÍ ÉÎ !ÌϜ/ϝȾ'ÅȾ!ÌϜ/ϝ 
trilayer memory structures, obtained by magnetron sputtering deposition, was investigated as a 
function of the post-deposition rapid annealing temperature, up to 900 °C [1]. 4ÈÅ ÃÈÁÎÇÅ ÉÎ #Ϻ6 
hysteresis curves due to annealing was observed, transitioning from a clockwise type at low 
temperatures to a counter clockwise type in samples annealed in the intermediate temperature range 
of 550 to 650 °C, and then returning to a clockwise type for annealing at higher temperatures of 800Ϻ900 
°C (Fig. 1). Up to 700 °C, memory performances constantly improved, with the 600 °C annealed samples 
achieving Á ÍÅÍÏÒÙ ×ÉÎÄÏ× ÏÆ υȢφ 6 ÆÏÒ Ϻρ ÔÏ Ϲρυ 6 ÖÏÌÔÁÇÅ Ó×ÅÅÐ. The 650 °C annealed structures 
exhibited good retention characteristics, for which the charge loss is only ḐςϷ ÁÆÔÅÒ ρπϓ ÓȢ 7ÈÅÎ ÔÈÅ 
annealing temperature was increased above 700 °C, a rapid decrease in the memory performance was 
observed. The annealing-induced changes are attributed to the Ge fast diffusion and nanocrystallisation 
process, in correlation with the morphological and structural high-resolution transmission electron 
microscopy results. 
 

 
Fig. 1: (a) Sketch of the electrical measurement devices; (b,c) Schematic representation of the bias-voltage 

dependence of the injected-ÓÔÏÒÅÄ ÃÈÁÒÇÅ ÉÎ ÃÁÓÅ ÏÆ ÔÈÅ #Ͼ6 ÃÏÕÎÔÅÒÃÌÏÃË×ÉÓÅ ÁÎÄ ÃÌÏÃË×ÉÓÅ ÈÙÓÔÅÒÅÓÉÓȢ  
(d,e) Retention evolution properties of the trilayer structure by monitoring the flat band voltage after 
programming at negative and positive voltages at annealing temperature of (d) 650 °C and (e) 900 °C. 

Adapted from Ref. [1]. 
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3ÅÌÅÃÔÉÖÅ ÇÒÏ×ÔÈ ÏÆ ς$ -Ï3Ϝ ÌÁÙÅÒÓ ÏÎ ÐÁÔÔÅÒÎÅÄ ÓÕÂÓÔÒÁÔÅÓ ÉÓ ÈÉÇÈÌÙ desired for easy fabrication of 
devices. In this work [1Ɏȟ ÓÅÌÅÃÔÉÖÅÌÙ ÇÒÏ×Î ς$ -Ï3Ϝ ÏÎ -Ï-patterned substrates, facilitating the 
formation of intimate metallic contact, was achieved using a Mo-#6$ ÍÅÔÈÏÄȢ -Ï/Ϝ ÆÒÏÍ ÔÈÅ ÏØÉÄÉÚÅÄ 
Mo pattern and S powder serves as the growth precursors. Mo films were deposited by magnetron 
ÓÐÕÔÔÅÒÉÎÇ ÏÎÔÏ 3É/Ϝɉσππ ÎÍɊȾÃ-Si substrates and subsequently patterned by photolithography 
techniques to obtain Mo strips and finger contact structures, with the gap between the strips and finger 
ÖÁÒÉÅÄ ÆÒÏÍ υ ÔÏ ςπ ʈÍȢ 4ÈÅ ÆÉÌÌÉÎÇ ÏÆ ÔÈÅ ÇÁÐ ÂÙ ÓÅÌÅÃÔÉÖÅÌÙ ÇÒÏ×Î ÁÔÏÍÉÃÁÌÌÙ ÔÈÉÎ -Ï3Ϝ ÐÌÁÔÅÓ ÏÆ ρϺς 
monolayers (MLs) was demonstrated by scanning electron microscopy (SEM) and atomic force 
microscopy (AFM) imaging. Field effect devices for the characterization of the photosensitivity of 
ÓÅÌÅÃÔÉÖÅÌÙ ÇÒÏ×Î -Ï3Ϝ ÈÁÖÅ ÂÅÅÎ ÆÁÂÒÉÃÁÔÅÄ ÆÒÏÍ ÆÉÎÇÅÒ ÃÏÎÔÁÃÔ ÓÔÒÕÃÔÕÒÅÓȢ 4ÈÅ ÄÁÒË ÃÕÒÒÅÎÔ ×ÁÓ 
ÄÒÁÓÔÉÃÁÌÌÙ ÒÅÄÕÃÅÄ ÆÒÏÍ ρπϖϔ ÔÏ ρπϖϋύϺρπϖϋώ ! ÂÙ ÖÁÒÙÉÎÇ ÔÈÅ ÇÁÔÅ ÖÏÌÔÁÇÅ ÆÒÏÍ Ϲχ ÔÏ Ϻχ 6ȟ ÓÈÏ×ÉÎÇ ÔÈÅ 
n-type semiconductor behaviour ÏÆ ÔÈÅ ÓÅÌÅÃÔÉÖÅÌÙ ÇÒÏ×Î ς$ -Ï3ϜȢ (ÉÇÈ ÐÈÏÔÏÓÅÎÓÉÔÉÖÉÔÙ ÏÆ ρπϐ ɉϷɊ ×ÁÓ 
ÏÂÔÁÉÎÅÄ ÆÏÒ τȢυ ϼ ρπϖώ Í7ȾÃÍό ÁÔ φυπ ÎÍ ×ÁÖÅÌÅÎÇÔÈ ÉÌÌÕÍÉÎÁÔÉÏÎȢ 4ÈÅ ÓÐÅÃÔÒÁÌ ÒÅÓÐÏÎÓÉÖÉÔÙ ÒÅÁÃÈÅd 
ÖÁÌÕÅÓ ÏÆ ρυϺςυ !Ⱦ7 ÁÔ φππ ÎÍ ×ÁÖÅÌÅÎÇÔÈ ÁÎÄ ÓÈÏ×ed an energy onseÔ ÏÆ ρȢχςϺρȢχχ Å6 ÃÏÒÒÅÓÐÏÎÄÉÎÇ 
ÔÏ ÁÂÏÕÔ ς -, -Ï3ϜȢ 4ÈÅ ÃÁÒÒÉÅÒ-trapping effect, responsible for the slow part of the device response, 
can be attributed to structural  defects as well as adsorbed molecules, similar to the behaviour observed 
in gas sensors (Fig. 1). 
 

 
Fig. 1: Selective growth by Mo-#6$ ÏÆ φ$ -Ï3Ϡ ÏÎ ÓÕÂÓÔÒÁÔÅÓ ×ÉÔÈ -Ï ÐÁÔÔÅÒÎÓ ÏÆ ÆÉÎÇÅÒ ÃÏÎÔÁÃÔ ÇÅÏÍÅÔÒÙȡ ɉa) 
optical image of a ÓÁÍÐÌÅ ×ÉÔÈ υω ʈÍ ÇÁÐ ÂÅÔ×ÅÅÎ ÆÉÎÇÅÒȠ ɉb) SEM image acquired from the gap region with 
visible top and bottom small ÐÁÒÔÓ ÆÒÏÍ -Ï ÆÉÎÇÅÒÓ ÃÏÖÅÒÅÄ ÂÙ ÓÍÁÌÌ -Ï3Ϡ ÃÒÙÓÔÁÌÌÉÔÅÓ ɉInsets: zoomed SEM 
image of a selected area with adjusted brightness and contrast to highlight regions of 1ɀ2 MLs & Raman 

spectra acquired from different locations within ÔÈÅ ÇÁÐ ×ÉÔÈ -Ï3Ϡ ÆÌÁËÅÓ ÏÆ 1ɀ3 MLs); (c) Spectral 
responsivity obtained by normalization of the maximum values of Iph ɉʇɊ ÔÏ ÔÈÅ ÃÁÌÉÂÒÁÔÅÄ ÓÐÅÃÔÒÁÌ ÌÉÇÈÔ ÐÏ×ÅÒ 

ÁÎÄ ÁÃÔÉÖÅ -Ï3Ϡ ÁÒÅÁ ɉInsets: second derivatives of 60 and 25 s spectral responsivity curves).  
Adapted from Ref. [1]. 
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SiGeSn nanocrystals (NCs) in oxides are of considerable interest for photo-effect applications due to the 
fine-tuning of bandgap by quantum confinement in NCs. The increase in bandgap due to the quantum 
confinement effect can be compensated by Sn alloying. We thoroughly studied [1] SiGeSn NCs embedded 
ÉÎ Á ÎÁÎÏÃÒÙÓÔÁÌÌÉÎÅ (Æ/Ϝ ÍÁÔÒÉØ, fabricated using magnetron co-sputtering deposition at room-
temperature (RT) followed by rapid thermal annealing (RTA). The NCs were formed at temperatures in 
the range of 500ɀ800 °C. RTA was performed to passivate the surfaces of SiGeSn NCs by embedding 
them in the (Æ/Ϝ ÍÁÔÒÉØȢ 4ÈÅ ÆÏÒÍÁÔÉÏÎ ÏÆ .#Ó ÁÎÄ ɼ-Sn segregation was discussed in relation to the 
deposition and processing conditions, using HRTEM, XRD, and Raman spectroscopy studies. Spectral 
photosensitivity was extended to 2000 nm in the short-wavelength infrared (SWIR). Compared to 
ÓÉÍÉÌÁÒ ÒÅÓÕÌÔÓ ÏÎ 'Å3Î .#Ó ÉÎ 3É/Ϝ ÍÁÔÒÉØȟ ÔÈÅ ÁÄÄÉÔÉon of Si enhances the thermal stability of SiGeSn 
.#Óȟ ×ÈÉÌÅ ÔÈÅ ÕÓÅ ÏÆ (Æ/Ϝ ÍÁÔÒÉØ provides better passivation of the NCs increasing, thereby increasing 
the SWIR photosensitivity at RTȢ 4ÈÅ ÈÉÇÈ ÐÁÓÓÉÖÁÔÉÏÎ ÏÆÆÅÒÅÄ ÂÙ ÔÈÅ (Æ/Ϝ ÍÁÔÒÉØ ÒÅÄÕÃÅÓ ÒÅÃÏÍÂÉÎÁÔÉÏÎ 
losses, enhancing device efficiency by the weak decrease of the photosensitivity from low (100 K) to RT. 
Furthermore, the increased thermal stability allows for higher processing temperatures without 
inducing Sn segregation, ensuring long-term reliability  in practical applications. These results suggest 
ÔÈÁÔ 3É'Å3Î .#Ó ÅÍÂÅÄÄÅÄ ÉÎ ÁÎ (Æ/Ϝ ÍÁÔÒÉØ ÁÒÅ ÐÒÏÍÉÓÉÎÇ ÍÁÔÅÒÉÁÌs for SWIR optoelectronic devices 
(Fig. 1). 
 

 
Fig. 1: (aɊ (24%- ÉÍÁÇÅ ÓÈÏ×ÉÎÇ Á φω ÎÍ (Æ/Ϡ .# ÉÎ ÃÏÎÔÁÃÔ ×ÉÔÈ Á ÓÍÁÌÌÅÒ ɉυτ ÎÍɊ 3É'Å3Î .#ȟ in near [110] 

orientation; (b) Normalized deconvoluted XRD diffractograms for the samples annealed at different 
temperatures; (c) Spectral photosensitivity measured for zero bias voltage on ITO/SiGeSn-(Æ/ϠȾÐ-Si/Al diodes 

for RTA at 500 and 550 °C showing extended IR sensitivity to 2000 nm (Inset: Raman spectra of the laser-
annealed as-deposited sample and the 500, 520, 550 and 800 °C RTA-treated films). Adapted from Ref. [1]. 
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The recent developments in the Thermionic Vacuum Arc (TVA) and the Laser-Induced Thermoelectric 
Vacuum Arc (LTVA) technologies used for the deposition of magnesium (Mg) have been reviewed [1]. 
Mg and Mg-based alloy films deposited using a TVA method have multiple applications in the fields of 
metallic electrodes for diodes and batteries, as well as in active corrosion protection [1ɀ4]. The 
improved laser-induced TVA (LTVA) method favours the crystallization processes of the deposited Mg-
based films. This is because the interaction between laser and plasma discharge changes the thermal 
energy during photonic processes due to the local temperature variation. The morphology and surface 
properties of the obtained thin films differ between these two methods. While the amorphous character 
dominates in TVA thin films, resulting in a smooth surface, the LTVA method leads to rougher surfaces 
with pronounced crystallinity, and reduced surface energy. Both methods enable the production of 
uniform magnesium alloys, but the laser in the LTVA process, when interacting with the discharge 
plasma, plays a crucial role in controlling the ratio of added metals or elements. Thereby, the main 
ÁÄÖÁÎÔÁÇÅ ÏÆ ÍÅÔÈÏÄÓ ÂÁÓÅÄ ÏÎ 46! ÌÉÅÓ ÉÎ ÔÈÅ ÆÉÌÍȭÓ ÓÔÒÕÃÔÕÒÅȢ 46! ÅÎÁÂÌÅÓ ÔÈÅ ÆÏÒÍÁÔÉÏÎ ÏÆ ÈÉÇÈ-
quality films with unique characteristics, such as smoothness and uniformity. In comparison, the 
thermal evaporation method provides a good evaporation rate but may not offer the same level of 
control over the structural features of the films. Increasing the evaporation rate results in more material 
reaching the sample surface within the same deposition time. This leads to a higher local temperature, 
which enhances the mobility of the atoms on the surface, promoting a more pronounced crystallization 
process. Consequently, films with better crystallinity and improved structural properties are obtained. 
Fig. 1a presents Scanning Electron Microscopy (SEM) micrographs of pure magnesium deposited on the 
3ÉȾ3É/Ϝ ÓÕÂÓÔÒÁÔÅ ÕÓÉÎÇ ÔÈÅ ,46! ÍÅÔÈÏÄȟ ×ÈÉÌÅ Fig. 1b displays micrographs of pure magnesium 
deposited on the same substrate by evaporation, both with a thickness of approximately 40 nm. At first 
glance, the evaporation method produces larger Mg hexagons, but without any apparent connection. In 
contrast, the LTVA sample exhibits a crystalline-amorphous structure with electrically conductive 
properties. 
 

  
Fig. 1: SEM images of magnesium deposited by (a) LTVA and (b) thermal evaporation. 
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Fig. 2a shows the X-ray diffraction (XRD) patterns of Mg and Mg:Ag samples obtained by TVA and LTVA 
methods. The samples obtained by the TVA method confirm the formation of the Mg crystalline 
ÈÅØÁÇÏÎÁÌ ÐÈÁÓÅ 0φσȾÍÍÃ ɉρωτɊ ×ÉÔÈ ÔÈÅ ÍÁÉÎ ÐÅÁË ππς ÁÔ ςʃЀστȢφςЈȟ ÉÎÄÉÃÁÔÉÎÇ ÔÈÅ ÇÒÏ×ÔÈ ÏÆ ÔÈÅ 
magnesium along the c-axis. The cell parameters for the Mg sample were refined using the hexagonal 
Mg structure as provided by the ICDD-PDF (card no. 35-πψςρɊȟ ×ÉÔÈ Á Ѐ Â Ѐ σȢρω Bȟ Ã Ѐ υȢρψ Bȟ ɻ Ѐ ɼ Ѐ 
ωπЈȟ ÁÎÄ ɾ Ѐ ρςπЈȢ 4ÈÅ ÍÅÁÎ ÃÒÙÓÔÁÌÌÉÔÅ ÓÉÚÅ ×ÁÓ ÅÖÁÌÕÁÔÅÄ ÔÏ ÂÅ ÉÎ ÔÈÅ ÒÁÎÇÅ ÏÆ τσɀ45 nm. For the sample 
obtained by LTVA, in addition to the two peaks corresponding to [002], the hump cantered around 31° 
confirmed the partial amorphous character of these samples. The presence of Ag is indicated by the peak 
at 38.1°, which corresponds to the formation of the second crystalline phase, cubic silver (Fm3m) [106] 
or AgMg3 crystalline structure. In this case, the mean crystallite is approximately 38 nm.  
 

 
Fig. 2: (a) XRD patterns and (b) superposed EDXS spectra of the Mg:Ag deposited by TVA and LTVA methods. 

Adapted from Ref. [1]. 

 
For the LTVA sample, the hexagonal structure of Mg is slightly deformed, suggesting a mixture of 
hexagonal Mg with cubic Ag or AgMg3. This was further confirmed by energy dispersive X-ray 
spectroscopy (EDXS) analysis, where the composition shows significant intermixing between the Mg 
and Ag metals (Fig. 2b). The atomic composition determined by EDXS for the LTVA sample is provided 
in Table 1. 
 
Table 1: EDXS results for the LTVA sample. 

Element  At. number  Netto  wt. (%) at. (%) 

Ag 47 11076 62.18 27.03 

Mg 12 25896 37.82 72.97 

 
4ÈÅ ÓÁÍÐÌÅÓȭ ÍÏÒÐÈÏÌÏÇÉÃÁÌ ÓÔÒÕÃÔÕÒÅ ×ÁÓ ÉÍÁÇÅÄ ÕÓÉÎÇ Á 3%-Ȣ From the SEM images, it is evident that 
the TVA sample exhibits higher crystallinity, with the dominant phase being the Mg structure (Fig. 3a, 
b). This result aligns with the hexagonal structures of metallic magnesium nanocrystals observed for 
this sample, which was the main finding from the XRD measurements. 
The sheet resistance of magnesium and magnesium binary alloys could be crucial if used as thin-film 
electrodes in electroluminescent diodes or batteries. The dependence of the inner voltage vs. the applied 
current for TVA and LTVA is shown in Fig. 4. For a ÔÈÉÃËÎÅÓÓ ÏÆ ρππ ÎÍȟ ÔÈÅ ÒÅÓÉÓÔÉÖÉÔÙ ÉÓ ʍЀχρȢυ ÎɱɇÍ 
ÆÏÒ ÔÈÅ 46! ÓÁÍÐÌÅ ÁÎÄ ʍЀψσȢφ ÎɱɇÍ ÆÏÒ ÔÈÅ ,46! ÓÁÍÐÌÅ ×ÉÔÈ Á ÔÈÉÃËÎÅÓÓ ÏÆ ρωχ ÎÍȢ 4ÈÅ ÈÉÇÈÅÒ 
resistivity of the TVA sample indicates a less electrically conductive thin film due to the structured Mg 
surface, whereas the lower resistivity of the Mg:Ag film suggests better conductivity owing to the 
presence of silver. 
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Fig. 3: SEM micrographs recorded on Mg:Ag samples deposited by TVA (left-hand side) and LTVA (right hand-

side). Reproduced from Ref. [1]. 

 

 
Fig. 4: Current-voltage characteristics of the Mg:Ag thin films. Reproduced from Ref. [1]. 
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The mixed-valence perovskite-type lanthanum manganites LaρϺØAxMnO3 (A = Sr, Ca, Ba) with strong 
electron-spin lattice correlations which leads to ferromagnetism, metallic conductivity, or colossal 
magnetoresistance, are proposed as emerging materials in magnetic refrigeration technology and 
applied spin-electronic devices. The double-exchange (DE) mechanism is the source of magnetic 
coupling in these materials, where the localized Mn t2g spins are mediated by itinerant eg electrons 
hopping via oxygen-manganese metallic bonds (eg(Mn)ɀςÐʎɉ/Ɋ-eg(Mn)). The overlap between Mn 3d 
and O 2p orbitals depends on various parameters such as the oxidation state of the manganese ions, 
MnɀOɀMn bond angle, and the bond lengths of MnO6 octahedra, which eventually affects the interactions 
between spin and lattice degrees of freedom. Stoichiometry, particle size, dimensionality, structure 
defects, and chemical disorder collectively impact the magnetic properties. Among the differently doped 
lanthanum manganites, whose properties can be influenced by B-site (divalent alkali metal) and A-site 
(trivalent alkali metal) substitutions in the ABO3 perovskite structure, La0.67Ba0.33MnO3 is of particular 
interest due to its ferromagnetic behaviour and significant magnetocaloric effect (MCE) above room-
temperature (RT). Therefore, further exploration and research on optimizing this material through 
appropriate chemical substitution are needed to enhance its magnetic and MCE properties while tuning 
the transition temperature (Curie temperature, TC) closer to RT. 
Magnetic refrigeration (MR) may be quantitatively characterized in terms of the isothermal magnetic 
ÅÎÔÒÏÐÙ ÃÈÁÎÇÅ ɉɝ3M) and cooling efficiency (the relative cooling power, RCP), which are typically found 
to be the highest across magnetic transitions, while a second-order magnetic phase transition (SMPOT) 
can also be an important criterion in deciding the practical use of these materials. Controlled doping of 
the A-site with simultaneous doping of monovalent, divalent, and trivalent elements is is challenging, 
yet it holds the potential for outstanding results.  
In our recent work [1], the modified Pechini method was used to prepare La0.67BaπȢσσϺØKxMnO3 material, 
where La0.67Ba0.33MnO3 with TC above RT was used as a matrix, and K-ions were doped into the A-site. 
Regarding the electronic structure, due to the valence difference in the A-site, the number of Mn3+/Mn 4+ 
pairs in the materials is affected, leading to a significant change in the A-site ionic disorder of the crystal 
structure and the magnetic properties. The novelty of the presented report [1] lies in two key aspects: 
first, the correlation between the distortion of the MnO6 octahedron, Mn3+/Mn 4+ pairs, magnetic 
properties, and electron paramagnetic resonance as a function of the molar content of K-doping (x) (up 
to 20%). The second proposes a sample with optimized potassium doping concentration (x = 0.20) as a 
candidate for room temperature micro-scale magnetic cooling. 
The La0.67BaπȢσσϺØKxMnO3 (with x = 0, 0.05, 0.1, and 0.2; in the following abbreviated with LBK0, LBK5, 
LBK10, and LBK20, respectively), belong to the RϺ3c (no. 167) space group having a crystallographic 
rhombohedral crystal structure, no secondary phases being discerned within the XRD limits (Fig. 1). The 
peaks shift to higher angles with increasing K content, indicating a decrease in the unit cell volume. 
Rietveld refinement of the experimental data showed that by substituting the Ba2+ ions with K+ 
ɉπȢπױЅױØױЅױπȢςπɊ increases the average A-site ionic radius from 1.299 to 1.316 Å and raises the A-site ionic 
ÄÉÓÏÒÄÅÒ ɉʎ2) from 14.31 × 10Ϻ2 to 20.78 × 10Ϻ2 Å2). The MnɀOɀ-Î ÂÏÎÄ ÁÎÇÌÅ ɡ ÄÅÃÒÅÁÓÅÓȟ ×ÈÅÒÅÁÓ an 
inverse trend is seen in the bond length dMnɀO. Increased randomness in the displacement of oxygen 
atoms from their average crystallographic positions due to lattice strains, more precisely, the increasing 
the distortion of the MnO6 octahedra, favours the eg-electrons localization, while attenuating the 
strength of the double exchange (DE) interaction between Mn3+ and Mn4+ ions. 
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The temperature-dependent DC magnetization (M-4Ɋ ÁÔ Á υππױ/Å ÁÐÐÌÉÅÄ ÍÁÇÎÅÔÉÃ ÆÉÅÌÄ ÉÎ ÔÈÅ σɀτππױ+ 
temperature range is measured in the field-cooled mode (Fig. 1). A transition from a low-temperature 
ferromagnetic phase to a high-temperature paramagnetic phase was evident. The TC is the temperature 
corresponding to the derivative of the magnetization as a function of temperature, Ä-ϿÄ4Ȣ 4ÈÅ ÖÁÌÕÅÓ ÏÆ 
TC are lower when K concentration is larger, inferring that the existence of the K+ ions in the A-site of 
the crystal lattice tends to weaken the double exchange (DE) magnetic interactions. The enhancement 
of the size mismatch of the A-cations induces the localization of eg-electrons, thereby decreasing the TC 
values of the compounds. 

 
Fig. 1: (a) XRD patterns of the LBK0, LBK5, LBK10, and LBK20 samples. The inset enhances the 112ɀ115° 
region of the 238 diffraction line; (b) Schematic representation of the 3-dimensional structure of the LBK0 

and LBK20 compounds, derived from the Rietveld refinement results. The atoms within the crystal structure 
are represented as follows: red ɀ O; green ɀ La, Ba, K; white ɀ Mn; (c) Temperature-dependent DC 

magnetization (M-4Ɋ ÁÔ Á ωττ /Å ÁÐÐÌÉÅÄ ÍÁÇÎÅÔÉÃ ÆÉÅÌÄ ÉÎ ÔÈÅ χɀψττ + ÔÅÍÐÅÒÁÔÕÒÅ ÒÁÎÇÅ ÍÅÁÓÕÒÅÄ ÉÎ ÔÈÅ 
field-cooled (FC) mode; (dɊ 4ÈÅ ÔÅÍÐÅÒÁÔÕÒÅ ÄÅÒÉÖÁÔÉÖÅ Ä-ЃÄ4Ƞ ɉe) Evolution of TC upon K-doping. Adapted 

from Ref. [1]. 
 

The inverse magnetic susceptibility (ʔɀ1) as a function of the temperature for the LBK5, LBK10, and 
LBK20 samples, along with the calculated curves deduced from the Curie-7ÅÉÓÓ ÅÑÕÁÔÉÏÎ ρϿʔױЀױɉ4ɀɡpɊϿ#, 
and the Curie-Weiss parameters (ɡp and C), as well as the experimental value of the effective 
paramagnetic moments, are presented in Fig. 2. The obtained effective magnetic moment values are 
considerably lower than the experimental ones (Table 1), underlying the presence of short-range FM 
interactions in the paramagnetic state (above TC), which is commonly observed in manganites. Selecting 
the sample with TC closest to RT is crucial for studying the effect of K+ substitution of the MCE in the LBK 
system. 
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Fig. 2: (aɀc) Temperature dependence of the inverse of magnetic susceptibility ɉʔɀ1) for LBK5, LBK10, and 
LBK20. The green line presents the linear fit at high temperatures; (d) Isothermal magnetization curves 

measured at different temperatures around the TC; (e) !ÒÒÏÔÔ ÐÌÏÔ ÏÆ ɉʈ0(Ѓ-Ɋ ÖÓȢ -2 for compound LBK20; (f) 
4ÅÍÐÅÒÁÔÕÒÅ ÄÅÐÅÎÄÅÎÃÅ ÏÆ ÔÈÅ ÍÁÇÎÅÔÉÃ ÅÎÔÒÏÐÙ ÃÈÁÎÇÅ ɉɝ3M) under different applied magnetic fields for 

LBK20. Adapted from Ref. [1]. 

 
)Î Á ÍÁÇÎÅÔÉÃ ÆÉÅÌÄ ÏÆ υ4ױȟ ÔÈÅ 2#0 ÖÁÌÕÅ ÏÆ ÔÈÅ ,"+ςπ ÓÁÍÐÌÅ ÉÓ ςςυױ*/ËÇ ɉρτππױÍ*ȾÃÍ3·K), which is 55% 
of that of pure 'Äȟ ÔÈÅ ÐÒÏÔÏÔÙÐÅ ÍÁÇÎÅÔÉÃ ÒÅÆÒÉÇÅÒÁÎÔ ÍÁÔÅÒÉÁÌ ɉ2#0ױЀױτρπ */ kg). The obtained value is 
higher than that of polycrystalline manganites doped with K-ions at A sites. Our results indicate that the 
studied compound is promising for RT micro-scale magnetic cooling. 
 
Table 1: Values of the Curie temperature (TC), Curie-7ÅÉÓÓ ÔÅÍÐÅÒÁÔÕÒÅ ɉʃp), experimental and theoretical effective 

paramagnetic moment, MnɀO bond length, MnɀOɀMn bond angle, Mn4+/Mn 3+ ratio, and intrinsic size disorder 

(obtained from Rietveld refinement) for La0.67BaτȢχχϾØKxMnO3 (with x = 0, 0.05, 0.1, and 0.2). 

Sample TC  
(K)  

ʃp  
(K)  

µexpeff  
(µB)  

µexpeff  
(µB)  

dMnɀO 

(Å)  

ʃMnɀOɀMn  
(°)  

Mn4+/Mn 3+ ʎ2  

(10ɀ2 Å) 

LBK0 348 352 5.43(2) 4.58(2) 1.959 173 0.4 14.31 

LBK5 344 342 5.58(2) 4.53(2) 1.961 170 0.5 15.98 

LBK10 335 337 6.02(2) 4.49(2) 1.965 167 0.6 17.61 

LBK20 316 319 6.48(2) 4.17(2) 1.966 164 0.9 20.68 
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