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LABORATORY 10
AFunctional Nanostructuresd

Head of laboratory: Dr. Silviu POLOJAN, Senior Researcheank 1 6ilv@infim.ro)

Personnel:36 members 111 SR1, 31 ISIEHR3RA,31 ana@&ch SR stands for ( *
Senior Researcher; RA stands for Research Assjstant

Main research directions:

The group dealwith 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 (spgjtehermal
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 gualymers. The nanostructures developed by this
approach are used as building blocks for different types of functional deeigggsr@nsistors or
diodes, biosensors, actuators). Several specific examples follow:

1 Nanostructures and devices basednanostructure$ 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 obtaing 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 compleity can be employeds(g, core shell devices can be fabricated) by covering
the nanowires with thifilms 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.

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

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

Nanostructures and nanostructured materials can be ex@aitedssfullyn biosensors, mainly

due to the high specific surface but also duetteer 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 ®lectivity 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 physiglagameters monitoring.
Several specific examples follow:

1 Submicrometefibers biomimetic devices based on microfiber web electrodes. In our group,
methods of fabricating polymer submicrometric fibers were developed namely:
electrospinning and forcespinginBy further functionalization, transparent and flexible
electrodes based on metal covered polymer fiber webs are obtained. These electrodes can be
applied on a wide range of substrates including here materials such as textiles and paper and
can become tfunctional element of devices such as biosensors or for applications such as
artificial muscles. Functionality can be increased by covering with electrogdlymers
leading to devices with highly superior performances when compared to classicarste

1 Biocompatible materials represent another research direction of the group, several approaches
being developed, including bothiopolymeric fibers (collagen orcellulosg, natural
membranes (eggshell membrane) or nanostructured materials $yycihcxyapatite Further

2


mailto:silv@infim.ro

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 interoctedefor developing devices with direct
applications. Equipment for fabricating fibers by means of electrospinning and forcespinning were
designed and developed in the laboratory with the support of the engineers from the application
department.

Relevantinfrastructure:

The activity of Lab. 10 relies on several fultguippedchemistry and electrochemistry laboratories
(dedicated to different types of applications) as well as clean room infrastructure, essential for devices
fabrication:

T

= =4 -4 -9

E

Electronbeam nandthography equipment with Raith Elphy systems with laser
interferometers and Hitachi S3400 and Zeiss Merlin compact electron microscopes;
Lithography/ Mask Alignment EVGE620 NT syst
CVD equipment for preparation of carbbesed nanostructures;

CVD equipment for deposition of semiconducting materials;

Laboratory for optical characterization including WWis 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 apatametric
analysis methods (flowytometry spectrophotometry, fluorescence microscopy).

Available services:

T

Scanning electron microscopy characterization of materiésicromorphology,
composition);

1 Optical characterization by means of optical spectroscopy;
91 Development of equipment for producing micrometric and submicrometric fibers by means
of electrospinning and forcespinning.
Main results:
f 9researctprojects 21 PED, 4 IPOPICEI, Marli e -Crief\ctidne ws k a

T

1
1

(MSCA),and1l PD) ;

Morethan® ar ti cl es publ i sirdexed journals With bnpaxtffact& ¢of e n ¢
which 27 with main author from Lab. 10);

2 OSIM awarded patents;

10 OSIM patengpplications

Highlights:

T

T

Nanostructured surfaces based on silver nanoparticles decoratedCumGoreshell
nanowire arrays & Carbon inksased screeprinted electrodes for qualitative analysis of
amino acids [se&cientific Reports 13, 10698 (202®)ternational Journal of Molecular
Sciences 24, 1129 (2023)

Various types of electrodes such as transparent conductive electrodes (TCE) obtained by the
electrospinning method and integrated architectures of electrodes and flexible porous
substrates for poirtf-care testing [seMicromachines 14, 543 (2023}urrert Opinion in
Electrochemistry2, 101418 (2023)

New selective AB3 aptamer for the hematologic tumor cells' detection; Proteasome inhibitor
anticancer drug bortezomib and electrochemical prdiaged bioanalytical devices for drug
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analysis [se&ensors ad Actuators BChemical 394, 134389 (2023Yolecules 28, 3277
(2023) Current Topics in Medicinal Chemistry 23, 1448 (2023)
1 Metallic thin films with various applications [s&@»atings 13, 984 (202B)



LABORATORY 20
A C o mpHeterwstructures and Multifunctional Materials 0

Head of laboratory: Dr. Geage STAN Senior Researcher rankdeprge_stan@infim.jo

Personnel 33 memberg 81 SR1,41 SR2,7 9R3,21 SR,81 RN subengineefengineer,

and 11 technician.

23 team members hold PhD titles in physics, chemistry, or materials engineering, including 1 PhD
supervisor. Additionally, there are 2 PhD students and 3 MSc students on the team.

Main researchdirections:

1 Ferroelectricmaterials and related structures for electronic, optoelectronic and sensing

applications (including noemolatile memories, UV and IR detectors, piezoelectric devices);

1 Materials and devices with application in microelectronics, photovotianversion and
light/particle detection (including fieldffect transistors, hybrid perovskite and kesterite solar
cells, and silicorbased particle detectors);

Superconductingnd magnetic materials, strongly correlated electron systems;
Dielectric and ferroelectric materials for microwave devicesg dielectric resonators,
ferroelectric varactors, filters, antennas).

1 Materialsfor healthcare applications.

1
1

Relevant infrastructure:

Laboratory 20 possesses a noteworthy infrastructure, coveringtitestechnological 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 importanystems and equipment one can mention:

1 SURFACE SCIENCE pulsed lased deposition (PLD) work statig. 0i 1a) equipped
with: 2 deposition chambers, each witliadiget carousels; a KrF excimer laser with 248 nm
wavelength, repetition rate ofi110 Hz, andmaximum energy of 700 mJ; control of laser
fluence; substrate heating up tiositureléton AC;
high-energy electron diffraction (RHEED) capabilities. One reaction chamber is used to
deposit ferroelectric layersabed on perovskites and other metal oxigeg, (doped ZnO,
HfO>), whilst the other chamber is used to prepare superconductdiirisn

1 SURFACE SCIENCE hybrid system for tkitlms synthesis from temperatusensitive
materials byi) matrix assisted pulsed lasmraporatiofMAPLE) and (i) PLD, constituted
of: a deposition chamber with-situfreezing facilities for target®(g, frozen suspensions of
organic materials or inorganic nanoparticles in a support matrix); a KrF exieisaerwith
248 nm wavelength, 110 Hz repetition rate, and 700 mJ maximum power; maximum heating
temperature of the substra80A G MAPLE & i7PAm AC

1 Multi-cathode radidrequency (RF), direct current (DC) and pulsed direct curremGp
magneton sputtering (MS) systems with various facilities: bias, etching and heating (up to
800 A C) of s u blsckforasamels transferavaauumnsysterasadbwn to ~10
6 Pa); computerized control and process automation. The latest MS equipmeRHASE
I1 J, purchased in 2016, is showrFig. 20i 1b. Each MS system in Laboratory 20 is dedicated
to a distinct class of materials: metallic contacts; semiconductor and dielectric materials;
biocompatible materials.

1 Chemistry laboratory for th@reparation of powdersbulk materialsand thirfilms by
chemical (wet) methods, equipped with higimperature annealing furnaces; spaating
systems;fume hoods, aggregate mills; weighting scaleshouse madeglove-boxes;
glasswareetc
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1 Doctor bladdSlot-die MTI system for large area deposition equipped with 100 mm width
adjustable micrometer applicator, a dsi¢ head and an adjustable speed syringe pump.
Additionally, two inrhouse butl Doctor Hade/Slotdie systems are also available.

1 ProfessionaGlove-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
H>O and Q under 0.1 ppm and with a solvent filter.

1 Laboratory for the preparation pfezoelectric and superconducting materials, polycrystals
and single crystals.

1 Ceramic materials 3D printing laboratory, equipped with a NORDSON EFD, EV series,
robocasting (direct ink writing) printing system, with Ultimus V dispenBeg. (20i 2a); an
ANTON PARR MCR302e modular rheometdfig. 20i 2b); and a THINKY ARE250
ceramic mixing & degassing machine.

PHASE Il J

e

Fig. 20i 1aPLD workstatio ssembly, SURFACE Fig. 20/ 1b RF, DC and fDC magnetron sputtering

SCIENCE, for the deposition of ferroelectric tHims. system, AJA PHASE lI, for the deposition of
semiconductor thifilms.

Fig. 20i 2a 3D printing system by robocasting (direct ink writing) Fig. 20i 2b ANTON PARR
technology, NORDSON EFD, EV series, with Ultimus V dispenser MCR302e modular rheometer

 X-ray diffraction systems for structure analysis of #iims (a RIGAKU SmartLab 3
kW/2017 fromroort e mp er at u ri &ig. 20b3adnd aBRUKER D8 Advance/2006)



and powdersANTON PAAR XRDynamic500 f r om 6 §D8 AALC BRIUIKER 8
Advance/2007).

1 Optical and structural characterization systems, includiny\eafiable angle spectroscopic
ellipsometer (WOOLLAM) with wavelength range 20@700 nm (6.2 0.73 eV), angle of
inciderce 351 90 A) , automated sample translation
and an Instec temperature control sta@é@i 6 0 0 A Gi)a neaninfrar¢d (NIR), infrared
(midIR) and far infrared (farlR) Fourier transform infrared (FTIR) JASCO spetry
platform, encompassing the 12000 cm?! spectral rangeRig. 20i 3b). VASE Woollam
can be used in the following modép reflection ellipsometry on semiconductor/dielectric
thin-films or multilayers (inferred sample parameters: thickness&active index, extinction
coefficient, absorption coefficient, dielectric function, band gap, critical point energies,
electrical parameters for degenerate semiconduictesstivity/conductivity, carrier density,
scattering time, carrier mobility, pBe transition in the temperature rar@0i 6 00 AC) ; a
(i) transmission ellipsometry on uniaxial/biaxial crystals, glasses and glass ceramics (derived
sample parameters: linear birefringence and linear dichroism, Verdet constant/ Faraday
rotation).

1 Surface investigation by scanning probe microscopy (SPM) in contact ecamtact mode
with piezoelectric (PFM), magnetic (MFM) or conductive AEM) response.

Spectrometru FTIR cu vid, model JASCO 6800 FV-BB (MID & FAR IR)

Fig. 20i 3aRIGAKU SmartLab 3 kW higtresolution Fig. 20i 3b FTIR spectroscopic platform with extendet
XRD system for thirfilms analysis. NIRT MID 71 farlR spectral range, 1206060 cm.

1 Electrical measurements laboratory (Beg 20i 4), including: 2 LAKE SHORE crygrobers
for electrical measurements in the temperature rangeio#Q0 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/magmefields and illumination conditions; 4 cryostats,
covering a temperature range betweeii 800 K; DLTS (deegevel transient spectroscopy)
and TSC (thermally stimulated current) systems for the investigation of electrically active
defects (charge carrigraps) in materials and MOke structures; setip for pyroelectric
measurements; ferritesters; various instruments for measuring currents, resistances and
voltages (electrometers, nanovoltmeters, Lbtlamplifiers); voltage and current sources;
RLC biidges; and impedance analyzers. These facilities are used to perform complex
characterization of electrical (hysteresis loops; CV aind dharacteristics; impedance
spectroscopy; defect spectroscopeds;) and superconductive properties (electransport,
thermodynamics, magnetfield penetration depth measurements); determination ofsthe d
piezoelectric coefficient.

1 Solar cells testing laborato(¥ig. 20i 5), with two NewportLED solar simulators (aperture
50 mm [ \B@&SoldmAA Class ad a MiniSol ABA Class), with AM 1.5G solar
spectrum and adjustable power coupled with a Keithley source 26yktém for measuring



the Quantum EfficiencyEQE and IPCE) with accessoriesworking in the 250 2500 nm
spectral rangds available
1 Microwave dielectric materials and devices testing laboratory, including:

0 Vector Network Analyzer PNA 8361A from Agilent (0.0167 GHz) for tweports
complex S parameters. It uses electronic calibrator Agilent N86981 in the range
of 0.01i 67 GHz. For acess, 1.9 mm, 2.9 mm, 2.4mm, 3.5 mm, SMA or N connectors
or adaptors are used.

0 Vector Network Analyzer PNAC N5245A from Agilent (0.11 50 GHz standalone)
with 4 ports and dual sources. It allows measurements of the S and-lean
parameters. By usinghe millimeter 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 millimeter wave extensions are from
Agilent/OML (N5260A V10 VNA2, WR10,75110 GHz; N5260A V06 VNA2, WR
06, 110170 GHz; N5260A V05 VNA2, WR5, 140220 GHz; N5260A V03 VNAZ2,
WR-03, 220325 GHz; N5260A V02.2 VNA2, WR2.2, 325500 GHz).

o Anechoic chamber with internal di mensi o
antenna charaateations €.g, directivity parameter) in the range of 0.40 GHz.

0 Microprobe station for direatn-wafer measurements of twports in the frequency
range0.1 6 7 GHz by wusing GSG probes with 151

o0 THz-TDS spectrometer from AISPERulse IRS 2000 Pro, operating in the range of
200 GHzi 5 THz.

1 In the framework of collaborative research activities, Laboratory 20 can access other NIMP
infrastructures, such as: TEM and SEM equipment; XPS characterization (including at Elettra
Synchrotron Trieste); magnetic measurements (SQUID, PPMS); other gpigzfoscopy
techniques (Raman, UVis-NIR, luminescence); cleamom (photolithography, dry
etching); andn-vitro preliminary biological testing of materials.
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Available services:

1 Preparation of materials (napowders; bulk ceramics; fabrication of tkfilms by various

techniques, including chemical methods, CVD and PVD techniques);

Investigationof 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 deviegs FET, MOS);

Characterization of microwave, millimeter waves and terahertz materials and devices;

Antenna characterization (antendiectivity) in anechoic chamber in the frequency band

from 900 MHz to 40 GHz;

1 Electromagnetic design for microwaves devices/structures by using high accuracy software

packages such as CST Studio Suite, Ansoft HFSS, and Ansoft Designer;

Deposition of bicompatible (ceramic and glass) coatings on metallic implants;

Characterizations byaj reflection ellipsometry on semiconductor/dielectric thims or

multilayers (thicknesses, refractive index, extinction coefficient, absorption coefficient,

dielectric function, band gap, critical point energies, electrical parameters for degenerate
semiconductor$ resistivity/conductivity, carrier density, scattering time, carrier mobility,
phase transition in the temperature rafi@0i 6 0 0 A CB) transmisgioreljpsometry

on uniaxial/biaxial crystals, glasses and glass ceramics (optical constants, linear birefringence

and linear dichroism, Verdet constant/ Faraday rotation).

1 XRD characterizations for crystalline phase identification and their quantitativesenaly
determination of the lattice parameters, average size of crystallites,-rmadnmicrestrains,
preferred orientation,etc analysis of homo and hetereepitaxial structures; Xay
reflectometry analyzes for inferring the thickness, density and nasghof the surface and
interfaces of amorphous and crystalline layers and fAaylérs;etc

1 FTIR spectroscopy analyses in transmission, specular reflectance (including at grazing
incidence), attenuated total reflectaiicATR (RTi 1 8 0 A C) refledanct fDRIETe
(RTi500 AC) and integrating sphere modes.
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1 Morphocompositional analyses by HREM1 EDXS,;
1 Surface characterization of materials by AFM, PFM, MEkid GAFM.
Main results:
f 9researchprojecisl | 2SEECHRNEDL, 1 | PITERPDIL 1T ,PEEL 0

and 1 T RoNaQCI

f 3Barticles publ i s h-mdexedjourna®evith impdct fetori(oé whichelE
with main author from Lab. 20)

1 1OSIM awarded patent;

1 1 EPO patent application;

1 5OSIM pateni@applications

Highlights:

1 Successful implementation of the economical contract with the Swarm European Services,
tackling researches in the field of memristors for cryptographic key applications (the
collaboration continues in 2@},

1 EEA-Norway fundedproject, targeting the fabrication of largeea perovskite solar cells and
their assembly into mirsolar panels;



1 The analysis of the-p ferroelectric homojunctions using Nand Fedoped PZT layers has
revealed unexpected qudisiear curremvoltage claracteristics and resistance exhibiting
exponential temperature dependence. These findings suggest the coexistence of electrons and
holes in the junction, along with intricate charge compensation processes at the interfaces.
[seeACS Applied Electronic Matials 5, 957967 (2023);

1 Sndoped O3 thin films deposited on graphene/Al by pulsed laser ablation for lithium ion
battery cathodes with improved electrochemical capacity and stability Jmemal of
Electroanalytical Chemistry 933, 117290, (2023).

1 Nanostructuring in dense BST ceramics derived from-diraéned powder emerged as the
solution for diminishing permittivity while preserving tunability, enhancing energy storage
capacity, and promoting the formation of thermally stable polar nanoclushesssupports
the viability of nanostructured electroceramics in the context of tunable and microwave
devices. [sedournal of the European Ceramic Society 43, 32265 (2023.
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LABORATORY 30
AMagnetism and Superconduct

Head of laboratory: Dr. Victor KUNCSER Senior Researcher rankHabil. (kuncser@infim.rp

Personnel:33 member§ 51 S RI1 SR SB SBR R2A technological development
engineer 1 T DE 2TDB3)) Hendinedrand41 technician.

In addition to scientific activities, the group is also involved in educational and training initiatives.
There are two PhD advisers coordinating PhD students annually, as well as undergraduate students
performingtheir scientific training.

Main research directions:

1 Fundamental and applied research in the field of magnetic and mdgnetional materials
for actuator and sensoristic applications as well as in the field of superconductivity, mainly
targeting mateals with superconducting properties with potential for practical applications.
The research process covers all stages, from preparation (bulk materialmthior
nanostructures) to structural and electronic characterization, completed with a algsjs an
of the magnetic and superconducting properties, respectively.

1 Related to the magnetic behavior, mainly the functionalities mediated by magnetic
reconfiguration controlled by temperature, magnetic and electric fields, applied or from
interface inteactions, are envisaged. The research is focused especially on the study of 0D,
1D and 2D nanostructures. In the case of maghetctional structures, magnetic systems of
nanoparticles, thifilms and multilayers, materials for colossal magnetoresistaDitR],
giant magnetoresistance (GMR) atdhneling magnetoresistance (TMR), soft and hard
magnetic materials, Heusler compounds with spin polarization, heterogeneous multiferroic
systems, magnetcaloric materials, diluted magnetic oxides/semiconductors, thetewtric
systems,etc are envisaged. In adotin, 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 andunctionalities induced by them in nanostructured hybrid systems such as
soft magnet / hard magnet (exchaispeing), ferromagnet/antiferromagnet (exchabges),
ferromagneferroelectric (magnetelectric coupling) represent other fields of interesttes
to fundamental and applicative aspects of smart ffurdtitional systems. In specific cases,
the experimental studies are completed by theoretical studies approaching electronic
configurations based on Density Functional Theory (DFT) and magnetige@iions based
on finite-element simulation programs.

1 Related to the superconducting behavior, studies of vortex matter, dynamics and pinning and
nancengineering of artificial pinningcentersfor high-magnetic field applications are
envisaged. Explorain 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 considefidtk studied materials are mainly cuprate
high temperature superconductors Y (rare earthCBsD; (RE123) with nangengineered
pinning centers Bi- and La based superconducting cuprates, M@Bith various additions
for increasing pinning properties), irdrased pnictide and chalcogenide multicomga
superconductors and low temperature (classic) metallic and intermetallic superconductors.
Other materials of interest are GeCsrTiCs, LiPdPtB, PdO, boron/carbide composites,
selected steels, and archaeological ceramic materials. Most of the maegiabtained in
the laboratory in various forms: powders, polycrystalline bulk samples, single crystals,
wires/tapes, nanostructures, heterostructures and nanocomposites. The group uses advancec
techniques for obtaining or processing materials: conveaitgowder synthesis in controlled
atmosphere, cryochemistry or energy milling, crystal growth in flux or by melting zone,
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growth of thirfilms by laser ablation, sintering by spark plasma, lamination, arc medtimg,
Advanced analysis of superconductprgperties aims in particular to determine vortex phase
diagrams vortex dynamics and vortex pinning. Temperature dependence of magnetization and
resistivity, isothermal hysteresis magnetization and magnetic relaxation, etotage
characteristics, bllpinning force and pinning potentiatc areanalyzedwithin the existing
theoretical models or using recognized practical and theoretical methodologies developed by
some members of the group, for example pinning potential determined from frequency
depemlent AC susceptibility response, or the use of normalized magnetic relaxation rate to
determine the crossver between elastic and plastic vortex creep, and various &atil
temperaturaependent creep exponents.

Relevant infrastructure:
Amongst important research equipmearnsidering preparation facilities as well as characterization
ones, the following can be listed:

1
1
1
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Spark plasma sintering, hot pressing sintering, microwave sinté&igg30i 1);

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-thins and multilayers with 4 sources

and base pressure in the rang&@®f 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 sgst in magnetic fields up to 9 Tesla;

Mossbauer spectrometers with different accessories to perform measurements at variable
temperatures (4.5 K 1000 K) and in applied fieldyja the detection of gamma radiation /
X-rays / conversion electrons (the oghpup in Romania active in Mossbauer Spectroscopy)
(Fig. 30i 1);

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 magnetonteter30i 1) working in

7 T down to 2 Kfrom Quantum Device with the corresponding facility for liquid He
production (18 L /24 h);

Magnetic texturing of thitfiilms is investigated by vectorial MOKE magnetometry;

For high temperature domain, the laboratory possesses a Laser Flash Analyzethatstem
allows the determination of thermal diffusivity, specific heat and thermal conductivity of the
volume materials or multilayers (3 layers, including liquids) in the range 23L. 0 0 A C,
dilatometer (Netzsch 402 C, 2015) to determine thermal expaoséificients (25 1600

AC) and an equi pment ( Net zsch, Nemesis 20
Seebeck coefficient (258 0 0 AC) ;

In order to determine the composition in bulk / powder systems;raly Huorescence device

is available, wHe for very low concentrations/quantities the group possesses an inductively
coupled plasma mass spectrometer (M¥®) (Fig. 30i 1), with an extension for thin film
analysis by laser ablation (LA), the last one be&inguiredn 2019;

Mechanical propertieare determined in quasistatic regime up to 10using a recently
acquired equipment (INSTRON).

12



-Fig. 301 I‘CP-MS with LA for thin-films (upper left), Mossbauer spectrometers with closed circuit He
cryostats (lower left) and SQUID devite&Quantum Design, of high sensitivity (middle). Spark plasma
sintering plant (FCT Systeme GmbH) used to obtain high deimsikymaterials (right).

Available services:

T

E
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Preparation of metallic and intermetallic compounds in the geometry dilths) ribbons or

bulk;

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

Lyophilizationfrom frozen materials;

Treatment of powders and thiilms at high pressures and temperatures ireamnosive gas
atmosphere (hydrogen, nitrogen, methane, carbon dioxide, helium) and measurement of the
formation kinetics anthermodynamis of the materials obtained by gaslid reaction;

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

Characterizatiorof 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 B00 K and in anagnetic field between 0 and 14 T,
Determination of thermal conductivity of solid materials in the temperature range 0@

K and in a magnetic field between O and 14 T;

Complex characteristics and specific properties of materials with iron evidenced by powerful
nuclear gamma resonance investigation methods (Mossbauer spectroscopy);

Specific temperaturdependent properties evidenced by modern differential thermal analysi
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, -shyglak, thinfilms /
heterostructures / nanostructures, bulks, composites;

Magnetic and transport measurements on superconducting materials;

Analysis of experimental data obtained on superconductors with the determination and
modeling of critical parametersrtical temperature, critical current density, irreversibility
field, pinning force and pinning mechanisms, trapped field, vortex pinning energies, Debye
temperature, and others);

Mechanical measurements in quasistatic regime up to I7(fending / comgession of hard
materials);
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1 Analysis of mechanical properties and correlation with fractography aspects;

l

Targets fabrication for thiayer deposition.

The group also develops materials and technologies for a number of applications:
superconducting thiralyers and coated conductors from high critical temperature cuprates containing
naneengineered pinningenterssuperconducting MgBwires/tapes in metallic sheath; MgBased
magnetic storage devices, magnetic concentrators and magnetic shieldingsyaded powders,
coatings and bulks for biomedical applications; bebased supenard materials for tools and
extreme high temperature applications, integrated multifunctional devices.

Main results:
f 17researchprojecs1 | SOL, | EURATOBIE, PBD, 1 I PCE, 2
1 T SNFR and,) 1 T | NUMMAT

T

1
1

37articles publ i s h-edéxed journdisewith irnpact fctoi (ef wiiéd E
with main author from Lab. 30);

1 OSIM awarded patent;

5 OSIM paten@pplications

Highlights:

1
1

Designand investigation of borehased composites for operation in extreme conditions [see
Scientific Reports 13, 6915 (2028)etals 13, 715 (202B)

Local investigations down to single molecule level by advanced techniquedlfser
Communications 14, 833&023) The Journal of Physical Chemistry Letters 14, 2072
(2023);

Design and characterization of novel fREe nanocomposite magnets with enhanced
magnetic performancessde Nanomaterials, 13, 3014 (2023Nanomaterials, 13, 912
(2023);

Assessment of #rmoelectric performances through synthesis and doping strategies in
Mg2(Si,Sn) solid solutionssee Journal of Alloys and Compounds 944, 169270 (2023)
Journal of Materials Research and Technology 26, 8904 (2023)

Vortex dynamics and pinning in some regentativeiron-based superrconductorsef
Condensd Matter 8, 93 (2023) International Journal of Molecular Sciencesl, 7896
(2023);

Optimizing processing conditions ardkvelopingoriginal approachew® elucidarevarious
functionalities of doped zinoxide nanostructuresg¢eResults in Physics 5106644 (2023)
Materials 16, 6156 (2028)

Advances in processing and characterization of materials for DEMO thewnstesar reactors
[seeFusion Engineering and Desid®4, 18925 (2023)Nuclear Instruments and Methods

in Physics Research B 539, 73 (2028nomaterials 13, 1012 (2033)
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LABORATORY 40
ASur face and I nterface Sci

Head of laboratory: Dr. Cristian Mihail TEODORESCU Senior Researcherank 1 Habil.
(teodorescu@infim.no

Personnel 21 members 21 SR1,41 SR2,61 SR3,11 TDH3 S3R Rahd2l technician

Main research directions:
1 Surface and interface analysis by photoele
resolved PES, PED# situ electron diffraction (LEED, RHEED), AEScanning tunneling
mi croscopy and spectroscopy STM STS, dphoto
photoemission electron microscopy (LEEM PE
1 Surfaces, thiffilms and heterostructure preparation by molecular beam epitaxy (MBE);
1 Theoretical aspects of ferroic systems.
New subijects:

1 Analysis of ferroelectric surfaces, band bendinhdterostructures;

1 Molecular reactions at ferroelectric surfaces;

1 In plane conduction properties of 2D systems on ferroelectric surfaces;

1T 62D nanoreactors', molecular reactions wit
substrates;

1 Spin asymmetryn band structure of 2D systems

1 Photocatalysts with internal junctions

1 Multiferroic structures with indirect exchange or coupling through charge accumulation

1 Theoretical developments in the area of ferroic-thims (ferroelectric, ferromagnetic)

1 Ferromagnetic and ferroelectric domains;

1 Development of new devices operating in ultrahigh vacuum (effusion cells, evaporators,

manipulators)
1 Developmenbf software packages for data analysis.

Relevant infrastructure:

1 A complex cluster for surface and interface science (Spégs40i 1), composed by:if a
chamber for photoelectron spectroscopy (XPS, ESCA, UPS, AkBg (holecular beam
epitaxy (MBE) chamber withn situfollow-up by low energy electron diffractiobhEED) and
reflection high energy electron diffraction (RHEED) and residual gas analygia;ghamber
for scanning tunneling microscopy and spectroscopy (STM/@h8)norcontact atomic
force microscopy (AFM) with atomic resolutipfiv) loadlock and sorage of samples in
ultrahigh vacuum

1 An installation for Xray photoelectron spectroscopy with possibilities of restricted area
analyses (lateral resolution @ m and automated change of samples / measuring areas,
coupled to a reaction cell at high pressures and temperatures (lkigtekli 2);

1 A complex cluster for surface and interface science (Spegs40i 3), delocalized actually
on the SuperESCA beamlintthe Elettra synchrotron radiation facility in Trieste (Combined
Spectroscopy and Microscopy on a Synchrofr@oSMoS), composed byi) @ chamber for
photoelectron spectroscopy (XPS, ESCA, UPS, AES) with angle and spin resolution (ARPES,
XPD, ARUPS, SRUPS); (i) a molecular beam epitaxy (MBE) chamber wittsitu follow-
up by low energy electron diffraction (LEED) and reflection high energy electron diffraction
(RHEED) and residual gas analysis;)(a chamber for scanning tunneling microscopy and
spedroscopy (STM/STS);i¥) loadlock and storage of samples in ultrahigh vacuum. This
installationhasa | | ocat ed each semestheuer ésear Ehetbea
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and 6 days of beamtime 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, Aelgere possible
at any time, provided the personnel is able to travel at Elettra

1 An installation for low energy and photoemission electron microscopy: LEBMEEM,
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 installatio )attee posibility to record
immediate imaging, to realize moviesfatiow-up in realtime surface modificationsii} the
fact that one uses low energy electrons makes this method suitable for delicate surfaces, which
otherwise would be damaged by high energygted@s such as the ones used in scanning
electron microscopy (SEM)iii) one may obtain structural or electronic structure (densities
of states, dlsper;slon Iaws mformatlon on nanometer scale.
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Fig. 40i 1 The first cluster of surfaces and interfaces (‘itnmlltl met hod systemd couwpNIMPd t o ME
With red, the principal components are denoted (XPS, STM, MBE). With yellow, the main devices. Other photographs
from this panel plot the working @sures, the quality of XPS spectra, LEED and STM images. Produced by Specs,
Berlin, Germany.

Fig. 40i 2 The installation for photoelectron spectroscopy with possibilities of analyss on micrometer areas and
provided with a cell for sample treatment at elevated
ManchesterUnited Kingdom
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Fig. 40i 3 The CoSMoS (combined spe.c-troscopy and mlcroscopy on a synchrotron) cluster coupled to the SuperESCA

beamline at Elettra, Triesteroduced by Specs, Berlin, Germany.

Setup for extended-Xay absorption fine structure (EXAFS). Excitations: Ma KL7479.34

eV), W Lun (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. Produceglliy, Riokyo,
Japan.

Magnetooptical Kerr effect microscope with possibilities of-ptane and oubf-plane
magnetic fields up to 1 T, resolution 500.nm

Available services:

T

= =

= =4 =4 -8 -9

Photoelectron spectroscopgsed techniques:-May photoelectron spectroscoPS) and
diffraction (XPD), ultraviolet photoelectron spectroscopy (UPS), aregelved UPS
(ARUPS), spiaresolved ARUPS

Auger electron spectroscopy (AES) and diffraction (AED

Low energy electron diffraction (LEED) and reflection high energy electliffraction
(RHEED) characterization of surfages

Scanning tunneling microscopy (STM) and spectroscopy (STS) at variable temperature
Non-contact atomic force microscopy (AFM) with atomic resolution;

Sample deptiprofiling by ion sputtering assisted by XBEAES

Surface cleaning and synthesis of epitaxial-fiins by molecular beam epitaxy (MBE
Thermallyprogrammed desorption of molecules from surfaces by residual gas analysis
(RGA);

Low energy electron microscopy (LEEM) and photoemission eleatioroscopy (PEEM),
micro-LEED and micreARUPS
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1 Extended Xray absorption fine structure (EXARES

Main results:
f 4researchprojecid] PQE, TIE,I ELI lOSIE)nd 1 1
f 25articles publ i s hieddxed journaldavith inopact f&tri e n c e E
1 1 OSIM patenapplication

Highlights:

T Revision of Kittelds theory for ferromagne:
fields [seeResults in Physics 46, 106287 (2(J28xtension of the theory for the case of two
dimensional domain structures for films with perpendicular amplane magnetic anisotropy
[seeResults in Physics 54, 107109 (2023)

1 Evidence by photoemission electron microscopy (PEEM) and low energyroalect
microscopy (LEEM) of surface charge dynamics upon exposure of ferroelectric thin films to
soft X-ray radiation [se®anoscale 15, 130623075 (2023)

1 Control of spectral, topological and charge transport properties of graplaeoecularly
polarizedight and magnetic field [seResults in Physics 46, 106257 (2023)

1 Floquet topological insulators with spambit coupling [sed’hysical Review B 109, 075121
(2024]).
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LABORATORY 50
ATheoretical Physicsand Computational Modelingd

Head of laboratory: Dr. Valeriu MOLDOVEANU, Senior Researcher rankvialim@infim.ro)

Personnel 7 members 11 SR1, 11 SR2, 31 SR3,1l SR, 1l R A, 11 BRhDdtudent.

Main r esearchdirections:

T
T
T

Topological andransport properties of 2D materials and lattices
Hybrid quantum systems for nastectronics and naroptomechanics
Correlation effects in 2D lattices and artificial molecules

Main results:

T

7articles publ i s hieddxedjournaledibimpadt fackc (of ehicl itk
main author from Lab. 50 ar&iin collaboration).

Highlights:

T

Investigation of the effects of interactions and their impact on the topology of bulk states
within a multiparticle quantum walk framework. By comparing mean chiral displacements
(MCDs) in both mambody and singkparticle systems and analyzing Berry mhas
calculations, we uncover subtle variations in topological phases, with a particular focus on the
SU(N) SuSchriefferHeeger (SSH) model. Our findings offer valuable insights into the
behavior of strongly correlated systems, highlighting the signifig#hteince of electron
electron interactions on the emergence and characterization of topological phases. Moreover,
this research opens new paths for innovative approaches to investigate and manipulate
topology in interacting quantum systems while also domting to our fundamental
understanding of quantum phenomena. Biegsical Review B 108, 035126 (2023)

Theoretical calculations of the stationary and transient currents through a molecular
nanomagnet of localized spin S coupled to gmitarized leadsind quantized vibrational
modes. The role of the vibraassisted transitions of the molecular spin on both sides of the
anisotropy barrier is explained in two aptrallel configurations of the source and drain
probes. Such transitions are associatel wiiron-dressed states and triggered under resonant
conditions. In the first configuration, and far from a resonance point, a blockade is imposed
on both the electronic and molecular spins via their exchange interaction. When sweeping the
magnetic field hrough resonance, the spiibbron interaction removes this blockade and
allows the indirect reading of resonant transitions as the molecular spin climbs the left side of
the anisotropy barrier. [séthysical Review B 108, 024416 (2023)

Theoretical analys of the creation of logic gates in molecular systems submitted to external
perturbations. Using a simple/nameracting tightbinding model, we showcase several
different scenarios that correspond to AND/OR/XOR logical functions for a given set of
contacts. This setup is shown to be independent of the strength of the coupling to the leads
and magnitude of the perturbation. We illustrate this approach in the case of bipartite and
nonbipartite single carbon cycle molecules (fulvene and benzene) and datlime cycle
molecules (naphthalene and biphenyl). [Bagsical Review B 108, 235307 (2023)
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LABORATORY 60
AOptical Processesn Nanostructured Materialso

Head of Laboratory: Dr. MihaelaBAIBARAC, Senior Researcher rankHabil. (barac@infim.ry

Personnel:28 members 61 SRBI1, SRI2, SRI3, SR, 10 1ItecRncian.and 1 1

From the 3 members, 18 possess PhD titles in physics. 1 PhD supervis@ Rimd students are
involved in educational activities.

Main research directions:

T

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 theffedd o
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 progrties of plasmonic materials, quantum dots and their applications in the fields of
ecananotechnologies and the pharmaceutical field;

Optical properties of the inorganic micro/naparticles for applications in the fields of
heritage and optoelectronics.

Relevant infrastructure:

=4 =4 =4 -8 -9

= =4 =4 -4

=

= =4 -8 -8 _9_95_°2_2

T

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 Brykeg. 60i 1);

A Fluorolog FL-3.2.2.1 modelith upgrade for the NIR range, from Horiba Jobin Yyon

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 thermoluminescencesader Harshaw TLD 3500

A system for photoconductivity an@V characteristics;

A Scanning Near Field Optical Microscope (Multiview 4000 SNOM/SPM system from
Nanonics) coupled with Atomic Force Microscope (AEM

A Fluoromax 4P with quantum efficiency and colorimetry options, for luminophores
characterization, o system to measure surface/interfacial tension, contact angle and density;
A LangmuirBlodgett 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 equipmentfor deposition by vacuum evaporation of organic materials;

A broadbandlielectric spectroscopy systefrom Novocontrol,

An infrared spectranicroscope, Carry 600, from Agilent Scientific;

A surface plasmons resonance (SPR) equipment from Re{Ehgr60i 2);

A hybrid Magnetron Sputteringy Pulsed Laser Deposition equipment for thilms (Fig. 60i

3);

A physicalVapor Transport equipment for transition metal dichalcoger{leigs 60i 4).

Available services:

T

Development of composite materials based on the conducting and insulating polymers and
carbon nanopatrticles of the type carbon nanotugr@aphene oxide, reduced graphene oxide,
graphene quantum dots, fullerene and carbon nanohorns;
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91 Development of organic/inorganic hybrid materials based on conducting polymers and
inorganic nanoparticles of the type ZnO, ZnS, CdS,TiO

1 Chemical and electolhemical functionalization of 2D materials (reduced graphene oxide,

phosphorenegtc) with the organic and macromolecular compounds;

Synthesis of transition metal dichalcogenides (TDMs) of the typexMES;, etc

The preparation of the surfae@hanced 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 nanopatrticles;

Deposition ofthin layers using magnetron sputtering and Langmuir Blodgett;

Realization of organic/organic and organic/inorganic structures by vacuum evaporation and

from solution;

Controlled crystallization of thifilms in various atmospheres;

Functionalization of ratallic surfaces for development of optical sens@surface plasmons

resonance;

T Analyzes by the UWIS-NIR and IR absorption spectroscopy, Raman scattering, surface

enhanced Raman scattering (SERS), suréad®mnced infrared absorption (SEIRA)

spectrosopy, photoluminescence, atomic force microscopy and Hvaad dielectric

spectroscopy;

Structural characterization and phase identification in crystalline materials;

Contact angle analysis fassessmermf hydrophobic/hydrophile properties;

Measurementsf 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);

1 Electrochemical analysis by cyclic voltammetry, chronoamperometry, chronopotentiometry,
electrochemical impedance spectroscopy, Tadédrizations

= =4 = =

E

= =2 =4 -8 A

1 Surface nangatterning by UV Nano Imprint lithography (UNIL);

1 Characterization of organic heterostructures for -@batronic devices;

1 Galvanostatic chargdischarge measurements for the testing nanomaterials as electrode
active materials in supercapacitors and rechargeable batteries;

1 The preparation of electrodesth the application in the field of the electrochemical sensors;

1 Analysis concerning the stability of the drugs in the presence of UV light and various chemical
agents by UWIS spectroscopy, photoluminescence Raman scattering and FTIR
spectroscopy.
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Fig. 60i 1 MultiRam FT-Raman spectrophotometer fron Fig. 60i 2 Surface Plasmon Resonance equipment fr
Bruker. Reichert.
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Fig. 60i 3 Hybrid Magnetron .Sptterin"g Pulsed Laser Fig. 60i 4 Physical Vapor Transpoeuipment for

Deposition equipment for thifilms. transition metal dichalcogenides.
Main results:
§ 7researchprojectsr oj ect s ( IERA SN\EH,, -@, [11M0OCOE 1T PE

and 1)1 imMCEBmddition, Lab. 6006s team is invoc
M 3Barticles publ i s h-mdkxed journiigewith irpact fSctor (ef wiuiad E

with main author from Lab. 60);
1 1 EPO patent application;
1 7 OSIM patentpplications

Highlights:
1 Functionalization of the graphene oxide sheets with organic compounddose®l of
Materials Science 58, 7025 (2023)
1 Metasurfaces for metalens and thermal emitters applicationS¢sedtific Reports 13, 7499
(2023) Nanomaterials 13, 426 (2033)
1 Multi-analytical characterization of the white inlaid decoration on the prehistoric pottery from
southern Romania [sé&»lid State Sciences, 140, 107193 (2D23)
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LABORATORY 70
AAt omi ¢ Structures and Defect s

Head of laboratory: Dr. CorneliuGHICA, Senior Researcher rankdghica@infim.rg

Personnel:31 members 41 SR1,71 SR2,41 SR3, 21 SR,101 Rl engineersandl |
technician.

Main researchdirections:

1 Atomic scale structuréunctionality correlations in advanced materials (hanostructures, thin
films, ceramics and special alloys);

1 Paramagnetic point defects, either intrinsic or induced by impurities or radiations in insulators
and widebandgap semicondtas;

1 Investigation of the physicalhemical mechanisms underpinning the detection process in
nanostructured materials for gas sensing applications;

91 Dielectric and semiconductor thfilms for microelectronic applications of interest for
environmentsecurity, space, biomedicine, food safety;

f Cellular and norcellular in vitro interactions and biomedical applications of inorganic
nanomaterials and hybrid nanostructures.

Main research infrastructure:

1 Aberrationcorrected analytical transmission electron microscope (HRTEM/HRSTEM)
provided with EDS and EELS microanalytical facilitiesforgum gst r °m r esol ut i
and atomieresolution elemental mapping;

1 High-resolution analytical electron microgmofor electron tomographiyp situandoperando
experiments by specimen heating/cooling/electrical biasing;

1 SEMFIB dual analytical system used for morgdtouctural and microanalytical
investigations (SEM, EDS, EBSD) as well as for ion beam mamd rancprocessing;

1 Continuous wave (cw) Xand (9.8 GHz) EPR spectrometer with variable temperature (VT)
accessories in the 80500 K range; cw and (34 GHz) EPR spectrometer with ENDOR
(ElectronNuclear Double Resonance) and VT accessorig3(® K);

1 Pulse Xband (9.7 GHz) EPR spectrometer equipped with pulse ENDOR, pulse ELDOR
(ElectronElectron Double Resonance) and VT accessorigs3(® K);

1 Automatic liquid He plant completed with a helium recovery system; compaigrolled gas
mixing station ad associated electrical measurements chains for materials testing under
controlled atmosphere;

Chemical reactor and autoclave for hydrothermal arpreoipitation chemical synthesis;

Magnetron  sputtering installation for thiims deposition, with in sStu

characterization/monitoring by Auger electron spectroscopy (AES)elmrgy electron

diffraction (LEED) and ellipsometry;

1 Installation for rapid thermal annealing, oxidation and nitriding; horizontal furnace with 3
temperature zones for thermal treatits and physicalapordeposition (PVD);

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

= =
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Fig. 70/ 1 (a) Bruker EPR spectrometer in X band (9.7 GHz) in pulsed regime with ENDOR acceq&)irsiker
EPR spectrometer in CW-RQand with ENDOR accesso(yg) Setup for electrical measurements under controlled
atmosphere gas mixing statiqid) JEM 2100high-resolution analytical transmission electron microsc¢ggl escan
Lyra lll analytical SEMFIB dual systentf) Magnetron sputtering installation for thfitms deposition, provided with
in situ AES, LEED and ellipsometryg) Installation for rapid tArmal processing (RTA, RTO, RTN), horizontal
furnace with 3 temperature zones for thermal treatments and YMeasurement chains for electrical, ferroelectric
and photoelectric characterization, Hall effect and magnetoresistance measurements.

Available srvices:

1 SEM morphological characterization of advanced materials;

1 TEM characterization of nanostructured materials -fitmms, ceramics, alloys;

1 Chemical elemental composition and elemental mapping by-EBBland STEMEDS;

1 Multifrequency EPRcharacterization of bulk and nanostructured insulating and semiconductor
materials: nature, concentration, localization, formation mechanism and stability of the
paramagnetic centers in materials; chemical processes, structural or magnetic transitions;

1 Conrolled simulation of toxic and explosive gas environments (CQ, 8B, H.S, NH;, SQ)

for gas sensors testing and calibration; temperatoitage calibration for the optimization of

power consumption for substrates and gas sensors.

Growth of thinfilms and multilayers by magnetron sputtering;

Rapid thermal annealing (RTA) and controlled oxidation (RTO) at temperatures withih 200

1250AC, heating rates up to 2@C/s in gas flow (M, Oz, Ar, Hp) and thermal treatments using

the horizontal furnace witB t emper at ure zones up to021200 AC

1 Electrical characterization under dark/illumination conditions, Hall effect measurements and
modelling of experimental curves curremltage (T V) at varying temperature, in DC and AC,
capaciy-voltage (G V), capacityfrequency (Cf), capacitytime (Q't), polarizationvoltage (P
V), Ii' T and R T; spectral characteristics of the photocurreid() 1 n modul ated ar
illumination; Hall measurements:iV curves as a function of current, gmeetic field and
temperature.

= =4

LASDAM operates as Partner Facility within CERERIC (https://www.cerigeric.eu/) on
behalf of NIMP, the Romanian Representing Entity in the consortium along with research institutes
and universities in Austria, Croatidzech Republic, Hungary, Italy, Poland, Slovenia.
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Main results:

il
)l

T
T

10researctprojects{ | PED, 3 -HRA.CNEET,1 4 IM)XTE, and
51articles publ i s h-edexedjournsiievith imgact ator @frwhigh E
with main author from Labr0);

1 OSIM awarded patent

3 OSIM patenapplications

Highlights:

T

Exploration of new materials for CO and &@etection: the sensing mechanism in
chemosensors based on NiO and-deged Sn@ as an interplay between ionosorption
processes and the nanomorphology of thesgasitive material [seBensors and Actuators
B: Chemical 390, 134028 (2023laterials Chemistry and Physics 296, 127354 (223)
Nanoscale evidence of stramduced ferroelectric phases in ZgCthin films by atomic
resolution analytical transmission electron microscopy fsdeanced Science 10, 2207390
(2023) Applied Materials Today, 30, 101708 (20R3)

Role of extended crystal defects -((1) and (011) stacking fas| (%-11) twins, (101)
nanotwins) in developing a high bending strength in,ABBBC ceramic composite evidenced
by transmission electron microscopy observations $&gentific Reports, 13, 6915 (2023)
EPR study regarding the atonscale insight intdhe decomposition of nanocrystalline zinc
hydroxynitrate toward ZnO using Mhparamagnetic probes [sEeontiers in Chemistry 11,
1154219 (2023)
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LABORATORY 80
AnCatal ytic Materials and C:

Head of laboratory: Dr. Mihaela FLOREA, Senior Researcher rank, 1Habil.
(mihaela.florea@infim.rp

Personnel 6 members 31 SR1,21 SR3andll RA
The MATCA group possesses expertise in the materials preparation with various properties, tailored
to suit the applications for which they are designed.

Main researchdirections:

1 Development of heterogeneous catalytic and photocatalytic matépadparation and
characterization);

9 Catalytic reactions: selective oxidation reactions, hydrogenation reactions, synthesis of
polymers from renewable/alternative resouraiypolymerizationof plastics, reduction of
volatile organic compounds;

1 Photocatalyis: water splitting, photocatalytic GO transformation and artificial
photosynthesis;

1 Energy: synthesis of materials used as electrocatalysts in fuel cells.

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

1 Chemistry labratory(Fig.80¢cl) equi pped with al/l n eatalgtis s ar vy
materials synthesis (ovens working in air or vacuum, rotavapors, magnetic stirrers, autoclaves
for hydrothermal treatments, chemical niche, apparatus foliQmilvater production,
centrifuge, balances) and catalytic reactors (in house reacta@slihgas phase and liquid
solid phase reactions)

1 Thermeprogrammed desorption and reduction equipment (TPB)1 for determining the

adsorption capacity and redox properties) (80¢2);
Spectroscopy analysis: UVis and Raman portabl&ig. 80¢2);
Thermal analysis to study the relationship between a sample property and its temperature as
the sample is heated or cooled in a controlled ma(figr80c2);
1 Analysis of the reaction produdtsgas chromatograph with three detectors (TCD,, R
BID) gas chromatograph coupled with mass spectromieigrg0c2);
1 Adsorption analyzer with high performance capabilitigslized 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 othealsndgri
including an automated injection loop, the TCD analytical range can be expanded through the
utilization of pulse chemisorption;

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

= =4

The group has access to other infrastructures located at NIMP, through collaborative research
activities, such as: SEM; TEM; XPS; optical spectroggofRaman, UWis-NIR, FTIR); X-ray
diffraction; ICRMS; photoluminescence.
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Reaction systems Materials preparation
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Fig. 80i 2 Equipmentfor materials characterization and analysis

Available services:

Catalytic materials preparatipn

Gassolid and gadiquid catalytic reaction

H2 production through water splitting;

Surface characterizatipn

Structural and textural characterization of the catalytic matgrials
Investigation of acicbase and redox propertjes

Determination of acid and basic properijgsalitatively and quantitatively).

= =42 =4 -8 _-9_-9_-°

Main results:

f 3researctprojects{ | -EiRCe, 1 1 PYE, and 1 I PCE
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the main author from Lab. 80)

Highlights:

1 Making 1D filaments of materials containing Ti, C, and O to split water under photocatalytic
conditions and createztgas is a straightforward, leeost, and economically viable strategy
thanks to a collaboration with a team of researchers at Drexel University headed by Prof. M.
Barsoum (The partnership will continue into 2024 as well);

1 The primary objective of the ERIlike project is to use surfaceodified MAX-phase with
various metal oxides to produce methavialselective oxidation of methane;
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1 New photocatalytic systems based iekIXene-semiconductor composites for hydrogen
productionvia photocatalytic water splitig reaction are the main focus of the Pid&ded
project;

1 The development of the deposition method for hybrid perovskites to be used as an adsorber
layer in solar cell devices. One of the employed methods is the slot die method, which operates
under ambienconditions.
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Materials modeling,
preparation and
characterization
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Designing Nanostructured Surfaces based on Zn@uO Core-Shell
Nanowires Decorated by Silver Nanoparticles with Low Water
Adhesion and High Antibacterial Activity

N. Preda?, A. Costas?, |. Zgura 2, N. Apostol?, A. Kuncser?, C. Curutiu °, I. Enculescl?,
aNational Institute of Materials Physics, 077125 Magurele, Romania
b Microbiology Immunology DepartmenEaculty of Biology,University of Bucharest, 0601@ucharest, Romania

Lately, the development of new solutions for micro/nanostructuring metallic surfaces has received
increasing attention, specific properties and new functionalities, different frompghesented by the

raw metal bulk material, being achieved by the fabricated micro/nanostructured surfaces. Thus, in our
study [1], nanostructured surfaces based on silver nanoparticles decoratetu@nCoreshell
nanowire arrays that can assure protectigainst various environmental factors such as water and
bacteria were obtained by combining thermal oxidation in air, radio frequency (RF) magnetron
sputtering and thermal vacuum evaporation.

The FESEM images of the prepared samples (Fig. 1) indicatmilbwing aspects(i) by thermal
oxidation in air of Zn foil, ZnO nanowires featured by diameters down to 30 nm and lengths varying
from several micrometers to tens of micrometers are obtafimetdy RF magnetron sputtering, on

the surface of the Zn@anowires is deposited a granular nanostructured uniform CuO layer leading
to an increase of their diameters from ~30 nm to ~60 nm, the thickness of the CuO shell being
estimated at ~15 nnfiii) by thermal vacuum evaporation, the Z@QO coreshell nanowies are
decorated with Ag nanopatrticles with irregular shape and sizes of ~40 nm, the thickness of the
nanowire segments containing ZnO co@uO shell Ag nanopatrticles increasing up to ~70 nm. The
EDX elemental mapping of a single Ag nanoparticles tged ZnGCuO coreshell nanowire
proves the formation of the ceshell morphology, the presence of Zn K in the inner part, Cu K in
the outer part and Ag on the surface of the -sbrl structure.

c———— 100 nm 100 nm

Fig. 1 FESEM images ofa) ZnO nanowires(b) ZnO-CuO coreshell nanowiresand(c)Ag nanoparticlesiecorated
ZnO-CuO coreshell nanowires. EDX elemental mappings in STEM mode including the spatial distribution of the Zn,
Cu and Ag elements ifd) ZnO nanowire ange)Ag nanoparticleslecorated Zn@CuO coreshell nanowire.

The contact angle and raff measurements carried on the obtained samples (Fig. 2) reveal that all
samples containing nanowires have contact ang
~103A. Thus, t he stmcurespresented os theaspriace of the zinb feils plays the
major role in their hydrophobicity. Further, the adhesion of the water droplets to the surface of the
samples showfi) the water droplet is highly adherent to the surface of the foils comjaznO
nanowires (similar to the water droplet behavior on the surface of Zn folil), resting stick, firmly pinned

on the surface even when these were turned upside ¢oythe water droplets rolled off very easily

at slight tilt, the rodoff angleben g eval uated at 55A for the foi
ZnO-CuO cores h e | | nanowires or 25A for the f-600l s co
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coreshell nanowires. These surfaces with hydrophobic behavior and low water droplet adaesion
be effective for antibacterial uses.

a S T
Fig. 2 (ai d) FESEM images(insets a d) optical photographs of the water droplets shape and sequences of snapshots
taken from a video camera showing the high or low adhesion of water droplets on the sudaag af)Zn foil, (b,
b1, b2) ZnO nanowires(c, c1, c2) ZnO-CuO coreshell nanowiresand(d, di1, d2)Ag nanoparticleslecorated Zn@CuO

coreshell nanowires. The contact angle is presented as the mean value.

In the FESEM image of a foil containing navices anck. colibacteria on its surface (Fig. 3) can be

seen that the nanowire shape plays also the significant role in achieving the excellent antibacterial
response, the needle tip of the nanowire structures mechanically damaging the bacteria cells like a
thorn that peetrates the membrane.

f : i\‘f—‘—' \
[ = LT o
Fig. 3 FESEM image oE. colibacteria mechanically damaged by the nanowires.

This work emphasized that such functional surfaces can be viable candidates for water repellent
surfaces with enhanced antibacterial activity.

Referaces
1. A.CostasN. Preda, | Zgura,et al, fi SNahopagticles DecoratethOi CuO Cord Shell Nanowire Arrays with
Low Water Adhesion and High Antibacterial ActivityScientific Reportd 3, 10698 (2023).
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Obtaining Photocatalytic Active TiO> Mixed Phase Nanoparticles

A. Stepanova?, T. Tite 3, M. Enculescu?, C. Radu?, A.M. Rostas, A.C. Galca
aNational Institute of Materials Physics, 077125 Magurele, Romania
b National Institute of Isotopic and Molecular Technologies, 400283 Napoca, Romania

Titanium dioxide (TiQ) is a widely recognized photocatalyst material, known for itstogicity,

easy activation by ultraviolet light, chemical stability, environmental friendliness, strong oxidizing
ability of photogenerated holesnd chemical inertness, making it highly effective in decomposing
various inorganic and organic pollutants.

While synthesizing titanium dioxide ased photocatalysts at a hydr
and a short hydrothermal time of 6 h, it was obsérthat adjusting the pH of the solution during
nanoparticle preparation by controlling the concentration of HCI significantly influences the
composition, thereby impacting the results of the photocatalytic activity [1]. A lower pH value
directly influened the formation of rutile Tig)while an increase in pH led to the formation of anatase

and brookite phases. The hydrothermal technique, an affordable method, guarantees both high purity
and size uniformity in the synthesis of etienensional TiQ nanostuctures. In contrast to certain
synthesis methods such as-gel, hydrothermal approaches offer a notable reduction in synthesis
time. Despite the numerous studies employing hydrothermal methods, only a limited number have
explored the impact of structungroperties on the photodegradation process.

X-ray Diffraction TEM/SAD Raman spectroscopy
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Fig. 1 XRD patterns, High Resolution Transmission Electron micrographs and the corresponding Selecte

Electron Diffraction, and Raman spectra of Ti@noparticles obtained in different acidic media.
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The X-ray diffraction (Fig 1ileft-hand side) revealed that the B{@ and TiQ(0.3) samples,
produced at the lowest pH of the initial solution, were mainly composed of rutile phase crystallites,
as showed by the intense diffraction peaks corresponditfiet 10, 101, 111, 210, 211, 220, 002,

310, 301 and112reflections (ICDD # 01086-4329). The average diameters of the rutile crystallites

of the TiQ(0) and TiQ(0.3) samples were of ~64 nm and ~18 nm, respectively:(Ti%) was a
mixture of rutile/amtase(ICDD # 04©11-0664)/brookite(ICDD # 0€907-0758), with a weight
fraction ratio of 76:6:18 and a rutile crystallite size of ~14 nm. The strong diffraction peaks of the
TiO2(1.5) and TiQ(1.8) samples matched the anatase pHakk 004, 200, 2Q@and204reflections),

while the presence of rutile and brookite was hinted by the low intehs@yand 211 reflections,
respectively. One should note that most of the brookite diffraction lines are overlapped by those of
anatase, and only tfed1refleciona 2d = 30.8A is Il eft to empha.
phase. TiQ(1.5) consisted of rutile/anatase/brookite in a ratio of 14:67:19, while(T.&) had a
composition of 12:64:24. The latter two samples primarily featured an anatase phase, with average
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crystallite sizes of ~10 nm and ~9 nm, respectively. The crystalline phases mentioned above have
been identified also by TEMSAED coupled analysd&ig. 1i middle).

The Raman spectra of the synthesized samples XFight-hand side), further supported the XRD
findings. The peaks &37, 443 and610cm'! correspond to the rutile phase, thos&4%, 197, 395,

515 and638cm'! are assigned to theatase phase, while the peakg46and324cm * belong to

the brookite phase.

X-Band EPR spectra (9.88 GHz) was used to investigate the defect centres present in the TiO
samples (Fig2). The weak signal with aplue gF = 2.0036 can be attributed to &slbed Fcentre,

an electron trapped in an oxygen vacancy, which can be found in the EPR spectra of all samples.
Samples (1.5) and (1.8), which have a majority anatase phase, exhibiense EPR signal with a
largepeakopeak | ine width (a5.3 mT), -wlatedddfectp(hateb ab |
centre). The large line width indicates a high concentration of defect centres in the-bastase

TiO2 samples, resultinghia strong exchange interaction between the paramagnetic centres.
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Fig. 2 (a) EPR spectra of the Tithased samplesh) EPR spectra of the Ti&amples in the presence of
spin trap under UV irradiation in an aqueous solution.

The efficiencyof reactive oxygen species (ROS) photogeneration by-b&Sed samples was
assessed by EPR using the spapping agent 5;8imethyt1-pyrroline-N-oxide (DMPO). DMPO

can trap oxygen radicals produced during the photoexcitation of Tallectively denoté by AR,
forming more stabl e adiRuToe naturdddfitReQrapped AaBical¥ cal\liz M P C
identified by analysing the hyperfine coupling constants in the experimental EPR gparte;,
monitored during the exposure of Bi@n mixed solvent wier/DMSO (9:1 v/v). All samples
excepting TiQ(0.3) showed ROS generation, while 3D5) has the highest EPR signal and,
therefore, the highest concentration of photogenerated ROS.

To activate the photocatalysts by generating pairs of charge carreasdgléi hole 1), ultraviolet

light with a wavelength below 390 nm can induce electronic transitions in semiconductors. Based on
this, the first experiment was performed with exposure to UV light with a 365 nm wavelength. At this
wavelength, the dye renmed stable and did not degrade independently. The second experiment was
conducted under exposure to a sunlight simulator with an extensive spectral range26025tm

and 1 sun power, reproducing the s u2zénghadger ect
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Fig. 3 (a) Decolorization diagram for rhodamine B degradation with;Fi@noparticles under UV (365 nmig)(solar
irradiation; €) Effect of pH of the solution on photocatalysis for sample Hpbggradation diagram for RhB
degradation with a multiptase of TiQ(1.5) photocatalyst without regeneration nanoparticles under UV (365 &m); (
Kinetic plot for rhodamine B degradation with Ti@anoparticles under UV (365 nm); (f) solar irradiation.

By comparing the degradationtity of the samples under UV light, it was showed that the
commercial P25 sample had a rate constant @&yof 0.07 miht, and after 60 min of irradiation,

RhB was degraded to 98% (Fi8a). However, when the solar simulator was used, the(Ti&)
sample, with 67% anatase, showed better results. The rate constant of the reaction was'.08 min
compared to 0.06 mihfor P25 (Fig 3f). Even though the anatase phase is not the main factor
affecting the photoactivity, it significantly improved the alilif the photocatalyst to degrade the
dye. Nevertheless, the sample with a highest rutile content(IL&), showed impressive results
regardless of the irradiation source. The effect of the pH value on the photocatalysis process was
investigated on a medisolution of RhB with Ti@(1.5). Even though the initial solution of RhB had

a pH value of 7.07, adding the TAQ.5) photocatalyst changed the pH to 3.8. Changing the pH value
to 7 and 10 led to a decrease in photocatalytic efficiency 8E)g

The phdostability of the photocatalyst was tested using the-pedorming sample under UV
irradiation, TiQ(1.5), while 6 RhB degradation cycles were performed. The photocatalytic activity
of the Ti®(1.5) slowly reduced with each cycle without regeneratiom,despite this, it remained

high enough (Fig3d).
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Novel Cr/Fe Mixed Transition-Metal Phosphates: Structural and
Electrical Properties

Z. Mighri 2 K. Souiwa?, A.M. Rostas®¢, R.E. Patru¢, A.E. Bocirnea¢, N. lacob¢, V. Kuncser
¢, O. El Khouja ¢, L.N. Leonat®, M. Hidouri 2 H. Nasri 2, A.C. Galca®

aUniversityofMonastir, Avenue de | 86Environnement, 5019 Monast
®National Institute of Isotopic and Molecular Technologies, 400293 ipgioca, Romania
¢National Institute of Materials Physics, 077125 Magurele, Romania

The limitation of natural lithiunnesources and their high cost makes the Lithiombatteries (LIBS)
technology infeasible to be embraced in future energy storage systems. Therefore, the developing of
other abundant and lewost alkalimetation batteries, such as potassion batteries(PIBs), is

highly demanded. The PIBs have great potential because of the high voltage (4.5 V K+/K), and due
to a redox potenti al (T 2. 93 V)onspdssessea loweoLewish e o
acidity than other alkali metals, this beingisaportant factor for transfer of the ion in the electrolyte

and at the electrode/electrolyte interfacé.ibhs are pivotal for developing and exploring suitable
electrode materials considering their environmental safety and atomic and electrochempétiegro

which are very similar to those of lithium.

Polyaniontype electrode materials, such as phosphates, are characterized by thermal stability and
different structural frameworks in which thé Kns are arranged in a 3D structure and separated by
large polyanions, effectively reducing the strength of thH&@KK repulsion. The weaker 'KK*
interaction leads to a higher operating voltage, being one of the key properties of-dateaty
materials. New combinations of chromium and iron phosphates megatdandidate, considering

that the structure of these compounds consists of very flexible covalent networks. This flexibility is
given by the diversity of the association modes of the [d@yhedra (M = metal, alkaline, or P),

either directly through vedes, edges, or even common faces, thus forming finite or infinite
polymeric groups, or through the intermediary ohB@ups, which often generates complex anionic
networks of excellent chemical, thermal, and mechanical stability. The new compoundsb&hioul

the form of of twedimensional (2D) layers or threkmensional (3D) structures with hexagonal,
rectangular, or triangular cavities or tunnels where the alkaline or allesditie ions are placed.

Mixed transitionmetal phosphates with KCo&xFe(PQy)2 (x = 0, 0.25, 0.5, and 0.75) were
synthesized, while the microstructure and physical properties were investigated through a wide range
of microscopic and spectroscopic methods, indicating that these compounds are promising as positive
and/or negativelectrode materials for PIBs [1]. All obtained compounds crystallize in tiie .

14) space group (diffractograms in Fig. 1), the crystallographic data, structure refinement parameters,
halfwi dt h parameters, and d rfmémes BeingpxesentaddntTabte f r
T1 from [1]. K cations occupy a singlgpe site at the crossing tunnels intersection. Its environment
has a wide range of catiboxygen distances being difficult to distinguish between the binding and
nonbinding contets. The KCoGCii xFe(PQy). structure presents 13 atomic positions that characterize
the asymmetric pattern, including one for K, one for M(1) (shared between Cr and Fe), one for Co
symbolized M(2), two for P, and eight for O atoms. A projection of this structure along the [101]
direction is represented in Fig. 1.

The EPR signals (Fig. 1) exhibited a single resonance signai RL®8 characteristic of €rions.

The EPR spectrum of powder samples containing Cr(lll) species should have three lines, while in
present study a singbgoad EPR signal is due to increased dijdilgole interaction between the*Cr

ions and to the inhomogeneities in the internal field due to a random distribution of‘then€rBy

partially Fesubstituting the Cr centres, the EPR signal of the CrO¥2bdncreases compared to

the one of CrlFe0. The intensity and line width of the EPR signal drop significantly when the Fe
content is further increased. The spins of the Cr and Fe ions in KGIe&iP Q). are coupled by a

strong exchange interaction thretrrows the EPR signal and its intensity in the paramagnetic phase.
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From the temperature dependence measurements performed between 140 and 360 K (selection
presented in Fig. 1) no ferromagnetic component can be observed because the EPR line width does
notincrease, which would be the case for ferromagnetic behaviour.

|~ Cr1Fe0 = Cr0.75F€0.25 —— Cr0.5F 0.5 = Cr0.25Fe0.75

A A A
s s ”x
v A v\
A A )8
21 28
'

A
288 207 ~fn
%

——CriFed
——Cr0.75Fe025
——Cr0.5Fe0.5
——Cr0.25Fe0.75

Fig. 1 XRD patterns of the
Cr/Fe phosphate compount
—t and the projection along th
[101] direction. EPR spectr
of the mixed Cr/Fe
A\ cosruns phosphate samples ar
e temperature dependence
. the CesFe2s EPR signal.
57Fe M° ssbai
s collected at RT on mixet
¥V expdata

L Cr/Fe phosphates.

—Eel

Vi = 9.8724 GHz

Cr0.75Fe0.25

EPR Intensity (arb. units)

XRD Intensity (arb. units)

2250 3000 3750 4500 5250

) Cro75Fe0.25 1 Temperature (K)
<

2 @ 210—240
3 270300

L g, 330 360
i

G '

2

=

Mossbauer spectroscopy  relative emission

EPR Intensity (arb. units)
—
7.5%

2250 3000 3750 4500 5250
Magnetic Field (G) 4 3 2 10 1 2 3 4

velocity (mm/s)

The unique M°ssbauer spectral component (Fig.
The isomer shift values only slightly increased for higher conatmir of Fe, from 0.448(2) mm’s

in Cr0.75Fe0.25 to 0.454(2) mit & Cr0.25Fe0.75, these values being in close agreement with Fe

ions in the higkspin state (S = 5/2) and occupying octahedral positions. On the other hand, the
quadrupole splitting (QS) values increase more consistently, from 0.477(2)'nmtise mixed
phosphate Cr0.75Fe0.25 to 0.527(2) mirs Cr0.25Fe0.75, indating the distortion of the FgO
octahedral configurations. Finally, the spectral line widths also increase with x, from 0.303(3) mm s

! for Cr0.75Fe0.25 to 0.342(2) mm'$or Cr0.75Fe0.25, proving an increased disorder around the
central Fe ions.

The delectric permittivity suffered a slight decrease frbdh3 (CrlFe0) td>3.8 for Cr0.75Fe0.25.

For higher Fe amounts, it increased)®.5 for Cr0.5Fe0.5 an6.8 for Cr0.25Fe0.75, consistent

with the increased vacancies and substitutional defects afféloeir@F* structures.

At low temperatures near the cryogenic regime, all of the compounds exhibited almost linear
frequency dependence and | ow | osses (fn and t
unchanged when the frequency and temperatere varied. The contrast was given by the mixed
Cr/ Fe phosphat e, for which N and fn follow e
This behaviour is attributed to the extrinsic contributions (space charges, grains, and grain
boundaries) orthe dielectric polarization, best described by the MaxwWédgner model for the
polarization mechanisms. When subjected to an external electric field, charge carriers accumulate at
the highly insulating grain boundaries and readily migrate to the highlgluctive grains. Such a
conducting path created through charge transfer leads to a larger polarization and, consequently, to a
higher dielectric permittivity at low frequencies. The highly conductive grains that dominate the high
frequency regions facibite the charge transfer between cations.

A small directcurrent (dc) characterize the conductivity spectra. The frequiedependent plateau

is followed by two frequenegependent regions, best described by the Jonscher-faweariation,

the exponentshowing the strength of interactions during the hopping process between ions and
charge carriers.

The Arrhenius equation relates the temperature dependence of conductivity to the activation energy,
i.e., the minimum energy required for the conduction pgede occur. A low activation energy means

the material has good thermal stability and electrical conductivity over a wide range of temperatures.
The activation energy inferred from the ac conductivity decreases when the amount of Fe in the
KCoCrFe phosplta system increases because the presence of Fe augments the number of charge
carriers available for conduction.
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Incorporating Fe ions in the matrix lowers as well the activation energies calculated based on the
Arrheniustype equation of the dc conductivitFig. 2). The values of the activation energy, attributed

to the longrange movement of free*Kons, vary between 490 meV for pure CrlFe0 and 181 meV

for Cr0.25Fe0.75, suggesting that those phosphates are among the materials with good ionic
conductivity Lower energy barriers are calculated for the mixed Cr/Fe compounds when the Fe
content increases. This trend is ascribed to the increased concentration of the Cr vacancies that cause
lower resistivity with rapid charge transfer at the interfaces. Héineeonductivity increases.
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Theelectrical conductivity of all compounds increases with the frequency and temperature without a
dependence on the Fe concentration. Incorporation of Fe in the matrix led to a decrease in the
activation energy from 490 meV for CrlFeO to 181 meV for Cr@eR5F, generating a lower

resistivity and leading to an increase in the conductivity. These compounds could be suitable for PIBs
development.
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Resistivelike Behaviour in Ferroelectric p-n Homojunction based on
Epitaxial Pb(Zr 0.2Tio.g)O3 Thin Films

A.G. Boni, C. Chirila, L. Trupina, C. Radu, L.D. Filip, V. Moldoveanu, I. Pintilie, L. Pintilie
National Institute of Materials Physics, 077125 Magurele, Romania

Ferroelectric materials like lead zirconate titanate (PZT) with a perovskitetis® have diverse
applications due to properties such as controllable polarization. PZT, studied extensively for its high
polarization and quality filmsvia pulse laser deposition (PLD), has conductivity challenges.
Traditional assumptions offype condiction face debates as recent studies suggest a prokgpke n
conductivity in PZT films. However, clear pnd ntype conduction remains elusive, hindering the
creation of true g homojunctions.

The lack of a pure PZT reference complicates the undeistaof dopant effects. Current PLD
targets often contain impurities, affecting carrier concentrations. To address this, researchers propose
preparing higher purity films and introducing controlled dopants like Fe and Nb. Recent studies
showed promising mailts, indicating Schottky contact behaviour in both Fe and Nb doping, with Nb
doping exhibiting lower leakage current. This success opens possibilities for creating epitexial p
junctions through successive deposition of Nb anddfeed PZT layers.

This study successfully created and analysedand np homojunctions using Nkand Fedoped

layers. Symmetric and asymmetric structures were explored, showing good epitaxial qualities.
Despite challenges in determining individual layer thicknesses, allwstesagxhibited ferroelectric
behaviour with varying properties. Notably, the currenitage characteristics were quésear

across a wide temperature range. Resistance extracted from the characteristics demonstrated an
exponential dependence on temparat The findings suggest that, under specific conditions, the
homojunction's total current is a combination of linear and exponential terms related to voltage and
temperature, respectively.

Hysteresis measurements revealed distinct hysteresis loopgtidoHtayers, PZTNb/PZT-Fe and
PZT-Fe/PZTNDb, with noticeable differences in loop shapes, magnitudes, remnant polarizations, and
coercive voltages (Fig. 1a). Notably, when the first deposited layer isHeZMigher polarization

and coercive voltage vals@re observed compared to the case whereNRYZE the first layer. This
discrepancy is attributed to varying electrostatic conditions at the interface with the bottom SRO
electrode. Specifically, the estimated potential barrier for thel@BRO interfa e 1 s | ar ger
eV) than forthe PZF e/ SRO case (&40.1 eV). This differer
depolarization field during both the growth process and polarization switching. A larger potential
barrier impedes the flow of charges invalvia compensating the depolarization field, resulting in a
lower polarization value.

Surprisingly, the obtained V characteristics, as depicted in Fig. 1b), exhibited an unexpected
symmetric linear shape, despite the different potential barriers atténtaces with the bottom and

top SRO electrodes. The anticipated asymmetry andinear shapes, typical for structures with
Schottkylike contacts at electrode interfaces, were contradicted by the observed kviear |
characteristics in the dayer stuctures. This unexpected behaviour is attributed to the coexistence
of two types of carriers (electrons and holes) in #mehmmojunction, as well as the intricate charge
compensation processes near the contacts and at thRIB/RZT-Fe interface.

The slgpe of the linearilV characteristic represents electrical conductance or the reciprocal of
resistance. Extracting resistance values from measurements at different temperatures (Fig. 2)
revealed a remarkable approximately four orders of magnitude dece¢a300 K, indicative of
semiconductor behaviour. Arrhenius plots were employed to derive an activation energy for
conduction in the two Hayer structures [1], resulting in values within the range of 0.03.7 eV.

These values fall between the estiethpotential barriers at the SRO electrodes: approximately 0.1
eV at the PZTFe/SRO interface and 0.3 eV at the PMB/SRO interface for singlphase capacitor
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structures. Additionally, the PZFe/PZTNb/SRO/STO structure exhibited lower resistance than t

PZT-Nb/PZT-Fe/SRO/STO structure.
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Fig. 1 (a) Polarization and current hysteresis loops recorded for tlaydis structures, recorded at RT. A triangular
voltage signal with 1 kHz frequency was used for the hysteresis measurdéiny. ¢haracterists for the bilayer
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To elucidate the temperature and voltage dependencies observed Hm steuptures, one must

E C2023yAméricah Chemical Society.

from Ref.

[ 1

consider the ambipolar nature of transport and refer to the expression of the current density flowing

through an epitaxial PZyer with Schottky contacts. For instance, the electron current dengity (J

is described by the following equation:

b ¢ —— * 0Qan —

B

(1)

Where:d ° is the electron effective masg, is the Boltzmann constari,is the temperaturd is the

Planck constant,

is the electron mobility: is the applied electric fieldy is the electron charge,

5 is the potential barrier at 0 P, is the ferroelectric polarization, is the vacuum permittivity,

- is the optical dielectric constant, is the static dielectric constart.

is the effective density

of fixed charge in the depleted regidhis the applied voltage.

A similar formula holds for the hole density curreint with appropriate notations for the hole

effective mass, hole mobility and effective density of fixed charge in the depleted region. Then the

total current density 0 L.
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For a wide range of doping concentrations- ———L p (this condition holds for

concentrations up to T @ & ). Then by expanding the corresponding exponential termisand
0 up to the first order term we idéfy linear (L) and norinear (NL) contributions to the
electron/hole density currents. For instance, the electron current density acquires the form:

z -

b ¢ —— ' 0Qan — &

h
; -

¢h —— 0 ——Qwn — B —_— 3)

h
This equation shows that the main contribution to the two density currents has a lireratetep
on the field, whereas the ndinear corrections depend on the doping concentrations. The temperature
dependence is controlled by the exponential term in Eq. (3).
p-n and Ap PZT homojunctions were grown using pulsed laser deposition on singtal S§y©
substrates with top and bottom SRO contacts. The ferroelectric properties were found to be influenced
by the order in which the-type (Nbdoped PZT) and-pype (Fedoped PZT) layers were deposited.
Surprisingly, the 1V characteristic deviateflom the rectifying behaviour seen in semiconductor p
n junctions, exhibiting linearity. This behaviour was explained by the unique nature ofnthe p
ferroelectric homojunction, where ionized acceptors and donors are spatially separated in the doped
layers while free carriers move freely to compensate polarization charges near the electrode
interfaces. The resulting namiform distribution of space charges and Schottky contacts led to this
distinct behaviour. A model was developed to explain ihé ¢harateristics and temperature
dependence, based on the assumption that the total current is a combination of electron and hole
currents. The study demonstrated that by optimizing the balance betviyges and ptype doping
and adjusting layer thicknessesctilying behaviour could be achieved in ferroelectrian p
homojunctions.
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Grain Size-driven Effect on the Functional Properties in Ba.eSro.4TiO3
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Ferroelectric materials are increasingly important for miniaturized electronic and photovoltaic
devices due to their high permittivity and tenability; Adjusting the Ba/Sr ratio in barium strontium
titanate (BST) solid solutions can control properties like permittivity and Curie temperature, making
them ideal for higirequency applications [2]. However, challenges arise in reducing permittivity
for specific applications, often leading to decreased tunability. While the effects ofsdbaiumg on
BaTiOs ceramics are wellinderstood [3], BST ceramics, especially with higher solute content, need
more investigation. Smaller grain sizes in ferroelectmpact the material's properties, as the
increased surface and interface atoms affect overall ferroelectricity. Various methods like doping and
creating composites have been explored to reduce BST's dielectric permittivity while addressing the
challenges bgrain growth in porous materials. In addition, conventional sintering does not control
grain growth well, so innovative wehemical preparation and naonventional sintering techniques
are used for fingrained ceramics. This study explored the rolmmiostructural features like grain
size (GS) and morphology on the electrical properties ofdgmeed BasSrh.4TiO3 ceramics,
prepared by seel and consolidated by Spark Plasma Sintering (SPS) (Fig. 1) [4].
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Fig. 1 (a) Schematic representationtbk preparation of sajel Ba 4St TiO3 powders; ) TEM image of the powder,
related ceramics consolidated by SPS at 1050 AC/ci4 min
€) corresponding FESEM images withfj the structural parameters (lattice parameter and unit cell volksrejerage

grain size.

Three types of dense (98%, 99%), siAgl@sed with cubic structure, fhggained BaeSro.4TiO3

(BST) ceramics were created using spark plasma sintering (SB&)varying conditions: BST1 at

1050 AC/4 min, BST2 at 1050 AC/2 min, and BST

of 35 MPa and a heat-simegingreaxedafi a0t A€EaAmment P

was applied to each ceramio reduce oxygen vacancies and carbon contamination. The powder

consisted of polyhedral nanoparticles with an average size of around 68.55 nm as observed by SEM,
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and slightly larger by TEM. Most particles were found to be polycrystalline, consisting & 2
crystallites. SEM investigations showed that BST1 (214 nm) and BST2 (195 nm) had grains in the
submicron range, whereas BST3 (74 nm) had nanosized grains. Notably, the microstructure of BST1
exhibited larger, more faceted grains compared to the mareled grains of BST2. BST3 showed

a dense, homogeneous microstructure with nanocrystalline grains.

The GS variations influence the dielectric and ferroelectric properties across a broad frequency and
temperature range (Figs. 2 & 3). A common trait amdingyathesized ceramics is the diffuse nature

of the ferroelectrid¢o-paraelectric phase transition, with a settled Curie point around 280 K. They
exhibit low maximum dielectric permittivity, dielectric nonlinearity (tunability), and P(E) switching
characer with lowarea tilted hysteresis loops and small remnant polarization. The maximum
permittivity in fine-grained ceramics is significantly lower and decreases further as GS is reduced.
High field measurements show changes in fadgpendent permittivityred a decrease in electrical
tunability with smaller GS. The GS decrease from submidimmard nanescale in BST ceramics

does not determine a shift in the specific Raman peaks, but causes an obvious flattening of the overall
Raman spectra in BST2 and, espally, in BST3. The hysteretic character decreases with smaller GS
and higher temperatures. Energy storage densities are comparable or higher than previously reported
BST ceramics [5,6], but energy loss at high fields is also significant.
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Fig. 2 (a) Analysis performed according to the classical Givieiss law; ) schematic representation of the grain
structure; ¢) roomtemperature P(E) loops measured under a triangular waveform with frequency of 1d3 Hz; (
dielectric permittivity at the fixed fragency of 18Hz and under electric fields of up to 25 kV/cm; agdRaman

spectra at rooremperature for the fingrained SFsintered BasSro.4TiO3 ceramics.
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Key advantages of nanostructuring in dens®TBceramics include reduced permittivity while
maintaining tunability, linear permittivitfield dependence, increased electrostatic energy storage
capability, and thermally stable polar nanoclusters [7] above the Curie temperature. These findings
suggesthat nanostructured dense electroceramics have potential in microwave and tuneable devices,
highlighting the benefits of controlling grain size at the nanoscale.
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Sequential Deposition andAnnealing Process for the Synthesis of High
quality Cu2ZnSnSe Absorber Layers
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As global energy demands rise and the need for sustainable alternatives to fossil fuels grows, attention
turns to renewable sources like solar power. Traditisiiconbased photovoltaic cells dominate the
market, but there is an increasing interest in-thm alternatives like CZTSe (G4dnSnSe). CZTSe

offers advantages such as a tuneable band gap and aatmarttant composition [1]. This study
uniquely enploys a twestep sputtering and annealing process. Initially, four different stacks are
deposited, followed by an annealing step to form-stmichiometric CeSnSe (CTSe) films.
Subsequently, a ZnSe layer is sputtered onto the films, and a secondrgnpeadiess in Sn+Se
atmosphere is conducted (Fitgi b). This final step transforms the films into stoichiometric and
singlephase CZTSe thin films. By meticulously optimizing the deposition and annealing parameters,
this process offers a systematic argroelucible method for achieving higiuality CZTSe thin films,
showcasing potential advancements in solar cell applications.
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Fig. 1 Magnetron sputtering deposition and annealing procedur@)fting CTSe layer and) the final CZTSe films.

The GIXRD patterns of CtSnSe films, obtained by annealing of various stacks in a selenium
at mosphere at 550 AC f 02 GIXRD fais tmn differentiate bedweegni c t e
monoclinic CuSnSe and cubic CpxSe phases [2]. Additionally, the findlickness of selenized
stacks with Cu as the top film is doubled compared to those witheGtapped layer, indicating the
superiority of the former stacking configuration. Raman spectroscopy aids in differentiating between
CuxxSe and CtBnSe phases, realing intense peaks at 260 'éncorresponding to the Sge
vibration in the CpSe phase. Weak peaks at 190'snggest the presence ofSnSe. SEM images

of the stacked CTSe samples display rough surfaces, with th&S80®,Se stack exhibiting
hexagoml flat grains. Evaporation of Sn and Se during annealing leads to void formation,
contributing to the surface roughness. EDS analysis reveatsoathiometric compositions rich in
copper and poor in selenium, with tin atoms likely localized near goaindaries or interfaces within

the films.
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of the four films; €) SEM images;d) EDS elemental composition; ang) Tauc plot of the CZTSe films.

Fig. 3 displays the GIXRD patterns of CZTSe films pashealing under a Sn+Se atmosphere at 550
AC. The pat tdefined diffracteow peaks chametéristic of the CZTSe kesterite structure,
affirming the presence of a tetragonal crystal structurepibe the potential overlap with XRD
patterns of CTSe and ZnSe, GIXRD analysis suggests the absence of secondary phases in the CZT S¢
films. Raman spectroscopy further supports these findings, detecting characteristic peaks of the
CZTSe kesterite phase withminimal presence of ZnSe in specific stacks. SEM images showcase
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distinct surface morphologies among the CZTSe films, with varying grain sizes and void formations
attributed to the annealing process. EDS measurements reveal compositional variatiorestawt

stacks exhibiting favourable stoichiometries for CZTSe. XPS spectra (not shown) illustrated similar
surface chemistries across all samples, emphasizing the efficiency of Sn+Se annealing in CZTSe
phase formation. Optical band gap analysis indicdéibat the SL&NnSe\Cu\ZnSe (0.88 eV) and
SLG\SnSe\CwSaznSe (0.97 eV) stacks consisted of siAgiease CZTSe, aligning with reported

band gap values. This comprehensive characterization contributes to a better understanding of the
structural, morpholagal, and compositional properties of CZTSe films, essential for optimizing their
performance in thifilm solar cell applications.

Using a sequential magnetron sputtering technique, four film stacks underwent annealing in a Se
atmosphere. The initial analéng resulted in ofstoichiometric CTSe films, mostly G8e. Adding a

ZnSe top layer and subsequent annealing in Sn+Se facilitated the formation of the desired CZTSe
kesterite phase, confirmed by GIXRD and Raman spectroscopy. Surface morphology was compa
and homogeneous, with SA&hSe\Cu\ZnSe and SL&NnSe\CwSeZnSe samples showing larger
grains. EDS revealed stoichiometric CZTSe composition in these samples. CZTSe film band gaps
were within the optimal range for efficient light absorption. The SrSe\CuZnSe and
SLG\SnSe\CwSazZnSe stacks exhibited the most favourable properties as absorbers, showcasing the
potential of these films for enhancing tHilm solar cell efficiency [3].
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Advanced Techniques for Local Investigations Down to Single
Molecular Level and Beyond
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Scanning Probe Microscopy (SPM) and in particular Scanning Tunnelling Microscopy and
Spectroscopy (STM/STS) are powerful techniques that allow the investigation at atomic and
molecular scale of structural and electronic phenonoeravariety of different emerging materials.
Therein, new research contributions on systems that contain organic molecules and biomolecules that
reveal new properties are of great importance in material sciences and innovative technologies. Here,
| briefly present two individual research studies realised in close international collaborations
exploiting STM techniques and developing strategies beyond their standard functionalities for
investigation of single molecules. One is focused on the unambiguotifiedéion of specific amino

acids within different peptides by molecular tip sensitisation and selective intermolecular interactions
[1]. The other one explores chiral and catalytic effects of adsorptduted molecular
configurations by the selectiveabecularmoieties interaction with first and second surface atomic
layers [2].

I. Molecular sensitised probe for amino acid recognition within peptide sequences
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The chemical detection and identificatiom. the proteomics, of amino acids that are the building
blocks of biopolymers, such as peptides and proteins, are essential in the emergent technologies of
bioengineering and medical investigations, as these biomolecules are vital parts of living organisms.
Lately, the development of methods and strategies to precisely identify and accurately quantify the
amino acids sequences in single molecule peptides and proteins, that allows such precision and
accuracy, is becoming a prominent and expanding field [Fdése amino acids identification
processes often and widely rely on the presence of markers, antibodies, extensive simulations,
combination of several techniques or are not possible at all.

47


https://doi.org/10.1038/s41467-023-43844-5

STM

Fig. 1 Left panels: Schematic representation of the experimigmtacedure based on STp sensitisation for amino
acids identification within single molecular peptides deposited on surfRigg. panels: STM topographic and STS
spectroscopic images of a peptide dimmer, revealing the enhanced signal of specific amino acids by selective
interaction with the sensitiser molecule at the tip apex.

In the article presented in Ref. [1], we develop a procedurgitdble spatially determine the exact
location of a specific amino acid within different peptide sequences using a low temperature STM by
tip sensitisation. The mechanism is based on a selective intermolecular interaction between a
sensitiser molecule ahe apex of the STM tip and the target amawad on the surface incorporated

in the peptide (Fig. 1). The amino acid specific interaction induces an enhanced tunneling
conductance of one spectral feature mapped in spectroscopic imaging STS and theedssdoe

location of one specific amino acid in the topography image STM IFi@ensity functional theory
calculations (DFT) suggest that the origin of the chemically specific interaction between the probe
sensitiser and the amino acid within thefde can be understood via a docking mechanism that
modifies the geometry as well as the local charge distribution of the molecular probe. Thafproof
concept of this procedure is demonstrated for the amino acid tryptophan in several different peptide
sgjuences, that are deposited intact on a clean surface in ultrahigh vacuum after mass selection by
using an electrospray ion beam deposition technique. Thus, our study provides a new step towards
singlemolecule proteomics.
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Chirdity represents an important property of molecular systems
that may appear intrinsically in the molecular units or it can be
the result of a particular adsorption geomédor molecules on
surfaces. Nowadays, there exist a large variety of processes,
such as recognition of enantiomerically pure substances or some
chemical reactions, in which chirality plays an important role
[5]. Moreover, scientific interest is also famd in the
development of chiral materials or structures for the construction
of devices. However, it is not easy to create such chiral systems
using as building blocks molecules without chirality or starting
as racemic mixtures. In this context, prochimablecules and
metal surfaces with catalytic properties arise as a promising
Fig. 2 Left panels: Schematic alternative. In the article presented in Ref. [2], we have
representation of the adsorption  Investigated the adsorption characteristics of pentacene thio
configurations of the TM. Right  derivatives (TCT molecules) on the Cu(111) surface. We fin
panels:STM topographic images o strong evidence of a well characterized preferential adsorption
dimers and trimers marking differer - along the Fold high symmetry axes of the Cu(111) surface with
enantiomers [2]. the thiophene unit atop a Cu atom and of the acene rings on the
hollow-hcp sites . This particular adsorption geometry indaces
molecular chirality of right R and left S handed TCT enantiomers. Importantly, upon adsorption of
the monomer, a direct desulfurization reaction of the thiophene moiety is activated even below room
temperature under the catalytic properties of thelCl) surface resulting the T& molecules.
Furthermore, as the molecular coverage is increased, competing intramolecular interactions gives rise
to a delicate balance in the hierarchy of interactions at play that permits the formation of different
superstactures with both type of enantiomers, forming dimers with different orientation and
composition, as well as trimers occasionally (Fig. 2). The topic has a high relevance nowadays and
our results pave the way for the comprehension of the interactionsemememportant family of
chemical compounds, such as the acenes, and metal surfaces. The article explores additional feature:s
of this category of molecules and systems that have great potential for molecular electronics and/or
catalysis [69].
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Assessment of Thermoelectric Performance through Synthesis and
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Mg.SitiSnsol id solutions are notable for their
effectiveness of the constituent elements,-tuxic nature, lightweight properties, and excellent
thermoelectric performance. These characteristics make them attfactragious applications. The
figure of merit, ZT [1] which results frdom |
can reach 1.7 for dopedtype M@Sii 1 Sk (0.4 < x < 0.7), whereas thegitype counterparts achieve

only 0.7 within the temgrature range of 500 K to 800 K. To achieve optimal device efficiency, both
n-type andp-type materials with comparable thermoelectric and thermomechanical properties are
necessary for applications. Therefore, it is crucial to explore methods to enhaecalpeoperties,

such as doping, substitutions, and material synthesis.

(i) p-type M@Si.3Sn.7 doped with silver and gallium

Theoretical investigations suggest that achieving a.Zdf around 0.8 at 700 K is feasibleprtype
Mg2(Si,Sn) solid solutiondyut this requires a high level of charge carrier concentration. However,
experimental efforts to optimize carrier concentration face challenges, as the synthegypeof
samples often results in low carrier concentration, leading to subpar thermoekedaimance. The

main obstacles associated wiitype M@Sii 1 S« primarily revolve around the low charge carrier
concentration and high thermal conductivity. While a double doping strategy is commonly employed
for n-type counterparts, it is uncommon fetype materials. For instance, dual doping with Li and

Ag significantly boosts the carrier concentration compared to single Li or Ag doping. Therefore, this
study aims to substitute Ag and Ga at both Mg and Si/Ss &iteenhance the charge carrier
concentration and simultaneously reduce thermal conductivity by introducing mass fluctuations
through Ag doping, thereby improving the transport properties.
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Fig. 2 Thermoelectric performance of MgAgx(Sio.sShv.7)1 1 @& materials (x = {0, 0.02}, y = {0, 0.02,0.04, 0.06})

The method of sample preparation is innovative, and consists of melting the precursors into a closed
graphite crucible, with the interior walls covered with graphite foil, which is subsequently sealed
under vacuum in quartz tubes. The melting takesplace a ver ti cal tubul ar f
min to achieve compositional homogeneity, and is followed by quenching the sample in cold water.
Then, powders of each composition are sintered (SPS) at 973 K and 50 MPa pressure for 20 min. The
samples are iphasic with the main phase rich in Sn, compositionally close to the calculated
stoichiometry, and the other with a composition similar te3ig

The undoped specimen exhibits the typical behavior of an intrinsic semiconductor in terms of its
electrical onductivity temperature dependence. In contrast, all doped samples show a decrease in
conducti vity -témpérafuye)(RTJto avound 60O K, followed by an increase, which is
characteristic of degenerate semiconductors (refer to Fig. 1a). Tren@eesf Ag and the gradual
introduction of Ga lead to a significant enhancement in conductivity values due to a substantial
increase in hol e con ¢®em3wheakFy=r0,02. The aegativie Bagbedk. 0 6
coefficient (refer to Fig. 1b) observed across the temperature range indicates the expguted
behavior, with the coefficient increasing with temperature fidgmt 2 £ %t RKRdue to intrinsic

carrier excitatio. All doped samples transition f@type semiconductors with reduced positive
Seebeck values and similar temperature dependencies, indicating the effectoepuieeffects of

both Ag and Ga. The S(T) curves exhibit a downturn above 500 K, attriloutesl transition into the
intrinsic carrier transport regime, leading to an adverse impact on the Seebeck coefficient. This
turnover in S(T) occurs at progressively higher temperatures with increasing Ga content in the sample.
Furthermore, the absolute uak of the Seebeck coefficient decrease as the Ga content increases. The
decrease i n t ot ak),particdarlynabldwertemperhturest carvbe attsibutéddo the
presence of Ag (refer to Fig. 1c). Ag serves to reduce lattice thermal ¢ortgiugy increasing

phonon scattering, counteracting the rise in the electronic contribution to thermal conductivity
resulting from the higher carrier concentration achieved through Ga doping.

Due to the influence of Ag and Ga substitutions on the pHyspraperties of the

Mg2 1 Agx(Sio.sS.7)1 1 Ga system, the power factor reaches its maximum values (as shown in Fig.
2a) for Mg .98Ago.02Si0.27SMn.67:Gav.0s Within a narrowed temperature range (868 K) around the

peak value of 9.10 10*Wm'1 K2 at 625 K. The elevated thermal conductiviafues of the doubly

doped compounds lead to ZT values below 0.29, with the highest value achieved at 627 K for the
Mg1.08Ado.0:Sio.3Srv.7 sample (refer to Fig. 2b).
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Fig. 3 (a) DSC analysis of 14 h millegowders, red curve corresponds to wet milling and dark to dry millg; (
Influence of the processing route on temperature dependence of Seebeck coefficient.

(i) Mg.Si synthesis via wet and dry mechanical alloying

The study investigates the impact of mifjitype (dry or wet) and process control agent (PCA) type
(benzene or isohexane) on the synthesis and evolution of properties®f pdgvders and spark
plasma sintered compaci2]. The aim is to scale up material production and comprehend the
influence of each processing step. B8 was synthesized under various mechanical alloying
conditions, revealing that 14 hours of milling time are needed for complete reaction. The PCA
accelerates the solstate reaction of elements, with prolonged milling time reduthe reaction

rate. Benzene adsorbed on the powder surface shields against oxidation during milling, but heat
treatment reverses this effect, leading to increased oxide formation due to the large specific surface
area allowing more oxygen adsorptionffBiential scanning calorimetry (DSC) analysis indicates
Mg-Si compound formation in two stages (refer to Fig. 3a).

The negative sign of the Seebeck coefficient (Fig. 3b) suggestSi idgann-type semiconductor,
with a val ue o ftempeBalie. GoMpadts frarh wet mechanical alloyed powders
exhibit a higher Seebeck coefficient at reteamperature compared to those from dry mechanical
alloyed powders, possibly due to varying grain boundary lengths dependent on mean crystallite size
acting as filers/barriers. The Seebeck coefficient decreases with temperature increase, likely due to
rising charge carrier concentration through intrinsic conduction. Conversely, electrical conductivity
is low at roomtemperature but increases with temperature asgehearrier concentration rise.
Samples with superior physical properties, potentially enhancing thermoelectric performance, are
derived from powders processed with benzene.
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Composites withBoron-basedCompounds for Extreme Conditions
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Strategic domains such as ege aerospace and defense industries depend on successful engineering
of innovative advanced functional materials. Many of these materials have to work under extreme
conditions being able to withstand very high or low temperatures and pressures, pagsess h
hardness, toughness, and ideally a good thermal, electrical conductivity, and chemical stability. All
the abovementioned features should occur simultaneously. Moreover, production of these materials
should be cheap, fast, and scalable. Only few famiif materials meet the particular, narrow set of
abovementioned requirements. Among them are refractory metags \V and Mo), oxides (Zr®

and MgO), borides (TiBand TaB), carbides (TaC, ZrC, TiC and boron carbide denoted BC) or
nitrides (TaN and HfN). In general, at roaemperature metals are ductile and undergo plastic
deformation, while ceramics are brittle, hard, and deform elastically. It is noteworthiy thatlast

few years literature presents evidence for totally unexpected deformation behavior by unusual
physical mechanisms. For example, some ceramics such as tantalum carbide (TaC), hafnium boride
(HfB2) and boron carbide (BC) are able to accommodategh temperatures plastic deformation
similar to metals due te.g.the dynamics of crystallographic defects. Under mechanical load, the
interplay between the intrinsic properties of the material (crystal chemistry and defects) and
microstructure at nanand micro scale (grain size, distribution, and shape and grain boundaries) can
promote novel physical mechanisms of energy relaxation. These mechanisms result in the peculiar
profiles of the stresss. strain curves. It is also well known that one hasdosider the load
application conditionse(.g, the load type, application rate and angle), sample size and shape.

In the last years there is a large interest i, té&amic and composites reinforced watly.BC and

SiC. These ceramics are investigatgddending tests usually at roem@mperature. In general,
depending on grain size, reinforcement, and microstructure of the composite considering also defects,
the roomtemperature bending strength attains values ofi @@ MPa. Macroscopic fracture
mechansms are related to cracks formation and development, these mechanisms being typical for
brittle ceramics. Among them, literature indicates interfacial micro crack toughening due to thermal
expansion coefficient differences of the composite componentkscoaflection, cleavage and
enhancement of the intergranular fracture. A much lower number of studies on the mechanical
properties of these materials at high temperatures have been reported. However, they indicate that
bending strength values also do nateed 1GPa although a rising trend with an increasing
temperature of the test is notable and deserves attention. It was recently reported that bending strength
of TB-BC composite achieves ultrahigh val utdys up
exceed the limit of GPa for bending strength at rogemperature.

Another practical ceramic is boron carbide (BC). Macroscopic fracture mechanisms at room
temperature share similarities with those of JJi@though crystal structure and chemisdrg very
different. The roomtemperature bending strength of B@sed ceramic composites also does not
exceed IGPa. Bending strength curves versus temperature df&d8€d composites show a complex
behavior and there are situations when, at high tempesatbending strength exceeds the values
measured at rooftemperature.

Presented information suggest that mechanical properties studies;@ntiBBC and of their
composites at high temperatures is of much interest. Expectations are that novel deformation
mechanisms are active at high temperatures and they do not necessarily follow the conventional
trends and understanding established for mechanical tests ateogarature. Few works reported
ceramic composites of THEBC, TiB>-TaC, or BGTaB; with a plastic behavior during bending at
high temperatures, while an increased bending strength was also recorded. The unexpected increase
in strength at high temperatures when compared to values ateogperature was linked with nano
t winning, o remdntvat mgh temperatares.rSamegmechanisms have been revealed in
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detail, but they are valid for very particular systems/classes of systems, thus not allowing to

comprehend the full picture of the observed
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In our recent work [1] a high density (99.5 %) ceramic composite made of titéoiutde and boron
obtained by spark

carbide (70/30 vol
i n Ar atmosphere at

strain curve presents a peculiar shape caagpmf three regionsi(ii) where elastic and plastic
deformations are active with a different weight. Based on transmission electron microscopy
observations we propose a process of mechanical energy absorption driven by shear stress in the
boron carbiderystals (Fig. 2): stacking faults withi(11) and (011) stacking planes and twins with

1r11) twinning plane

equivalent to the initial ones. This rearrangement mechanism providesfirsthestance a plastic

mechanical properties.

Fig. 1 Typical bending strength curve at 1800 AC
measuredntheTiB,-BC sampleobtainedoy SPS Note
three regionsof deformation:(i) conventionalelastic,
typicalfor ceramics(ii) plasticlike, and(iii ) elasticlike
strengtheningtlargestrains.

Fig. 2 (a) Boron carbide crystal representation
VESTA software showing equivalent planeg11) and
(011); b) HRTEM image taken on sample in ti
fractured area showing strain componevith Oy being
parallel to (011) planesc) Schematics of the transitio
under bending load between a twinned and stacl
faulted structure to a new natwinned one.

%) was

1800 AC. GBa(Rigl L)nThe sgendthe n g t |

r e arirlatwignang planes, corthoganal doutt wi |

signature (Fig. 1(ii)), but further contributes strengthening (Fig. 1(iii)).

High-strength steels, Ndased alloys and titaniivased materials are used as structural -high
temperature materials, sometimes as metatrix composite (MMC). New alloys and composites

based on refractory metals such as Mo, Nb, and Cr are the subject of ongoing research, much attention
being made on Gbased super alloys, new intermetallic systemaNMo, Ru-Ni-Al, and Mobased
multiphase materials,satheir properties partially go beyond those of reference alloys such as Ni

based super alloys.

Mo-based alloys show great potential for uliigh-temperature applications, but it is necessary to
overcome some of their deficiencies. The most promisingoled alloys are M8i-B(-X) alloys,

while X represents elements or compounds that improve specific key properties. Certain alloys of
this class can be used up to 13¥Din air due to their superior mechanical properties and good
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oxidation resistance. M8i-B alloys provide the best combination of properties with a threese
microstructure consisting of a plastically deformable Mo solid solution phase (Moss) and two
intermetallic phases M8i (A15) and M@SiB: (T2). However, the properties are highlypdadent

on the type of microstructure and size of the microstructural constituents. For optimum oxidation
resistance, a fingrained structure and a high proportion of intermetallic phases (>50%) are desirable.
The best fracture toughness is achieved loyalwith a Moss matrix containing large intermetallic
grains. It is known that the oxidation resistance and mechanical properties strongly depend on the
grain size of MeSi-B alloys. On the one hand, finer grains lead to higher strength, but small grains
have low ability to accumulate dislocations so that the ductility and toughness of the alloy are usually
low. Casting of these alloys cannot provide a controlled microstructure and often segregation occurs.
Powder metallurgy routes are investigated asssipte solution.

Mo matrix composites (MMC) with M@Si8B inclusions were fabricated by pressless sintering

(PLS) and spark plasma sintering (SPS) techniques at temperatures betwéd®sa@A0 using 1

wt.% Ni sinter additive [2]. The positivenpact of the addition Ni addition on the sinterability and
formation of a continuous MMMC with randomly distributed Mgsi and M@SiB; inclusions was
determined. The Ni addition increased the shrinkage of MMC during PLS by almost a third. The
continuousMo matrix of MMC and a relative density of more than 98 % was obtained after SPS at
1400 1500AC. The composite with the maximum relative density of 98 % showed a Vickers hardness
of 482 N 9 (HV20) . -adtihated RLS &and 8PS togproduaglidensity MMQ N i
was shown.

References
1. A. Kuncser, O. Vasylkiv, H. Borodianskat al, fiHigh Bending Strengtla t 1 8 Bx6eedihdC1 GPa in
TiB, B4C Composite Scientific Reprts 13, 69152023).
2. |. Solodkyi, V. Petrusha, M.A. Grigoroscut,al, fiEfficient Sintering of Mo Matrix CompositésA Study of
Temperature Dependences and the Use of the Sinter Additly&slials13, 17152023).

55



Doped ZincOxide Nanostructures i Optimization of Processing Conditions and
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Doped zineoxide systems with magnetic, electric and optical properties in conjunction with high
adsorption and catalytic activity aregreat interest in present nanotechnologies.

As a first example, transition metal (TMppedZnO dilute magnetic semiconductors, DMS, with
Curie temperature exceeding rodemperaturehave gained special attention due to potential
applications in spintronic deviceBhe origin and mechanism of femagnetism in TMdoped ZnO

are still challenging and contradictory results are frequently reported. tBeoretical calculations
predicted that the ferromagnetic state could be the ground state far Thé-8oped ZnO system,
while otherexperimental andheoretical reports demonstrate that in the absence of defects, the
paramagnetic, antiferromagnetic, or sgiass states are more favorable to the ferromagnetic one and
that theoccurrence of ferromagnetisim TM-doped ZnOrequires extra carriers. The extra carriers
can be provided particularly hytype orn-type intrinsic defects correlated with requilibrium
conditions of ZnO processing. The propertieg( ferromagnetism) of both doped and-doped

ZnO are generallgecognized to depend strongly on the preparation conditions. We have investigated
the structural, local chemical, optical and magnetic behaviour ofazilie (nanostructures) with
different types and amounts of dopants [1]. Concernirgdped ZnO, ourasearch aimed to provide
some insights into the mechanism of ferromagnetism k&0 in case of nanoparticles with the
iron concentration level in thdilute regime (0.1i 1 at.%) preparetdy thermal decomposition of
Zn(I)-Fe(lll)-carboxylates (derivcefrom acetate precursors).

(i) Structural and morphological characteristics-@ay diffraction, scanning electron microscopy,
and transmission electron microscopy)

Zn1xFeO nanopatrticles with the iron concentrations level in the dilute regime (x=0@01) were
produced by a sadel route from acetate precursors along with ardoped and 3 at.% Faoped
reference. The Xay diffraction of the urdoped and 0.1 1 at.% Fedoped samples reveal the
reflections for only the ZnO wurtzite structufehe increase of Fe concentrativom 0.1 to 1 at.%
enhances tha-axis lattice constant, the unit cell voluraed the microstrain (Fig. 1a). Iron doping
reduces the averageystallite/particle size (confirmed I8canning Electron Microscojpymproving

the surfaceo-volume ratiorelated to the increase of the fraction of Fe ions in defective surface sites.
The (ultra)fine ZnFgO4 particles were found on the surface of ZnO fop &Rey.0dO by HRTEM
investigations (Fig. 1b and 1c).
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Fig. 1.(a) The iron concentration dependence ofakexis lattice constant and unit cell volunve, determined by
Rietveld fittingof the XRD patternsThe ) HRTEM and €) SAED analysis 0Zng g#&.00.

(i) The evidence of distorted Fesites and intrinsic defects on the surface of ZnO particles.
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(X-ray photoelectron spectroscopy. PhotoluminescetiEe. Mossbauer spectroscopy)

XPS identifies the iron in both Feand Fé" states>’Fe Mossbauer spectroscopy (Figi @aand

XPS (Fig. 2) indicate a wide distribution of energies for theé"'Relence state consistent with the
presence of distorted Fesites on the surface of ZnO particles. The blue shift and broadening of the
UV emission, and quenching of defeetated photoluminescence (Fig. 2g) in thedeped samples
verify the presence of iron in the ZnO lattieved surface intrinsic defects.
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Fig. 2 (ai e) °"Fe Mosbauer spectroscopy recorded at 5.5 K and RT (295 K) 0fF at.%, i§) 3 at.%, ¢) 3 at.%
(annealed at 408 CHe-doped ZnO andd(e) ZnFeO, reference(f) XPS.Fe 2p;; spectra are deconvoluted into three
components, one for Feand two for F&" states. The need for an extra component {7123 eV) suggests a wide
distribution of energies for this valence state and, thus, the presence of sutfaie§eavith distorted configuration.
(9) RT luminescence spectra for undoped Bedloped ZnO. Inset: Magnified view.

(i) Magnetic studies

Fedoped ZnO (0.I' 1 at.%) shows weak roctemperature ferromagnetism, RTFM, (Fig. 3a)
characteristic of dilute magnetic semiconductors, DMS. Rtanperaturd/s, Hc at 5 K andVisat 5

K increase with the increase of Fe concertation level wgi.%. The magnetization measurements
with temperatureq.g, Fig. 3b) evidence a nearestighbor antiferromagnetic alignment and an
increase of ferromagnetlike contribution with Fe dopip up to 1 at.%. Znk®s found on the
surface of ZnO for Zgw#e00 (Fig. 1b) is SPM at roostemperature H.=0) with a blocking
temperature of 20 K. The inverse spinel Zsthe(whose ferrimagnetism beloWs is generated by
the antiferromagnetic interaction between th# fms in tetrahedral and octahedral sites) is the only
secondary phase found in the given conditions of processing for 3 at.% Fe doping level.
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Fig. 3(a) M vsH curves registered at 300fir undoped and Fdoped samplesb] The inverse susceptibilitys.
temperature curves for 0.1, 0.25, 0.5 and 1 at.% doped ZnO fitted with\@aigs law; Inset: The Weiss temperature
and the effective moment per formula unit determined from the Queiiss fit.

(iv) A possible source for RTFM in (Zn,Fe)O with the iron concentration level in the dilute regime.
Potential for optimisation and applications
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The analysis of experimental (structural, local chemical, and magnetic) data df t26 Fedoped

ZnO was done in terms of iron coupling with intrinsic defects (specificallyavd G), which can
generate surface Festates with geometries similar to the*Fi@ inverse spinel ZnkE®s. The
superexchange interaction (resembling that in the ingpisel ZnFeO.) between the Fésites with
distorted octahedral coordination and®Fsites with distorted tetrahedral coordination resulting in
ferrimagnetism was hypothesised as a possible mechanism of RTFM.

The results of our study can be used to openiurther the processing conditions for (Zn,Fe)O to
serve as effective DMS foe.g. spintronic applicationsZno e e .00 is an SPMZnO/ZnFeO4
nanocompositéhat can find applications as.g.gas andnagnetic (nano)sensors and antibacterial
agents.

As a second example, he Zh@aphene heterostructure nanohybrids integrate the physical properties
of graphene and ZnO, providing a unique platform for the exploration of a wide vafiety
applications, ranging from photodetectors and gas sensors to sta@sssnsors and piezoelectric
nanogenerators. In this respect, hybrid structures of ZnO thin films doped »@graid reduced
graphene oxide (rGO) was produced bygell synthesis and subsequent sgoating method (from

1 to 20 successive layers) aimvestigated with respect to fluorescence and -e@fgotronic and
conduction properties [2]. XRD patterns of the analyzed samples proved a hexagonal phase of ZnO,
with the crystallite size decreasing with increasin®@3ZnO molar ratios from 10/90 (18 no

20/80 (10 nm), respectively. The band gaps, as estimated from tHéISIMIR investigations,
decreased as a result of the rGO and phosphorous oxide contents with a minimum of 3.77 eV for the
20-layered 90ZnO10P205rGO film. The optical band gag) (Es found to be dependent on the
number of layers an©s content.

A doping with 1 wt. % r GO decreased the fil mi
10/90 of ROs/ZnO decreased the resistivity almost sefad, as identified from theslectrical
measurements performed at rotemperature
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Vortex Dynamics and Pinning in some representative Irofbased
Superconductors

A. Crisan, A.M. lonescu, I. Ivan, C.F. Miclea, D.N. Crisan
National Institute of Materials Physics, 077125 Magurele, Romania

The discovery of irofbased superconductors (IBS) Lag®e)FeAs, (x = 0.05 0.12) with a critical
temperature Tc = 26 K, with unique superconducting mechanism and potential of use in various
applications led to a wordide effort in the discovery andmprehensive studies of this new class

of superconducting materials. Up to now there are literally thousands of possible chemical
compositions and doping levels of various IBS, of different types of crystalline structure. Among
those different types of IBSeported in the literature, 11:iyjpe REFeAsQ.x (REbeing a raresarth
element) has the highest critical temperature of 55 K. Another type, namslpelEe(Se, Te), have
relatively low Tc (10° 20 K depending on composition), but is promising as thin film, having a high
critical current densitylc in very high magnetic field (over 1@/cm? in fields larger than 10 T).
Lately, superconductors based éftFeAs; (AE being alkakearth metal Ca, SrBa) parent
compound, the soalled 122 system, became the most popular materials for both physical
explorations and wire applications because of theas high as 38 K4], very high upper critical
fiebHke§>070 T) and | ow anisotropies 9 (<2), at
other IBSs that have been reported in the literature. Thisislyndue to the fact that in the 122
system, relatively large single crystals were relatively easy to grow using tHeusdtchnique.
Superconductivity ilAEFeAs; is primarily induced by alkali metaA(= Na, K, Rb, Cs) substitution

at AE sites. Howeer, this type of charge dopingeates strong scattering potentials that affect
superconducting properties such as the vortex pinning, the upper critical field, and even the
superconducting gap symmetry. Another type of 122 materials are isovalently substituted compounds
such as Ba(RexRuw )2As2 and BaFg(Asu xPx )2, which are closer to the clean limilore recently, a

new type of IBSs has been reported, having a new structure, abbreviaddtAE:44, namely
CaAFeAss (A=K, Rb, Cs) and &FexAss (A = Rb, Cs). In these cases, becalisides not mix with

AE due to the large difference in atomic radiEAl144 crystallizes through alternate stacking of the

AE andA layers across the E&s, layer, changing the space group freffmmmto P/4 mmmthe
compounds being superconductors withvalues between 31 and 36 K. From the point of view of
potential applications in high magnetic fields, the behavior of the critical current density, and the
overall vortex dynamics and pinning are of paramount importance. We have investigated such
propertis in three types of irebased superconducting single crystal€aKFeAss,
BaFe(Aso.ed0.32)2 andFe(Se sTeps).

(i) Vortex melting lines iCaKFeAs; and BaFe(As.e8°0.32)2

By using multtharmonic susceptibility studies, we have investigateddiniex glasé vortex liquid

phase transitions in CaKkiss and BaFgAsosd0.32)2 single crystals [1]. The principle of our
method relates the eset of the thireharmonic susceptibility response with the appearance of a
vortex-glass phase in which the digation is nofinear. Similar to the higleritical temperature
cuprate superconductors, we have shown that even in thesbased superconductors with
significant lower critical temperatures, such phase transition can be treated as a melting sethe sen
of Lindemannds approach, C -hamdau mhazlel. iThegexparimentaln i s «
data are consistent with a temperatdependent London penetration depth given by aX3D
fluctuations model (see Fid). The fitting parameters allowed usdxtrapolate the vortex melting

lines down to the temperature of liquid hydrogen, and such extrapolation showed thaiAzakd-e

a very promising superconducting material for high field applications in liquid hydrogen, with a
melting field at 20 K of the order of 100 T.
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Fig. 1 Temperature dependence ofBrj for the: @) CaKFaAs, single crystal; andn) BaFe(Aso.sd0.32)2 single
crystal. Lines represent the fit with the tfioid, mean field and 3IXY models of the temperature dependence of
penetration depth. Inserts show the same experimental data preseBit€t) amserts show the experimental data in
normal scale, méhg field By as function of temperatuiie

(i) Pinning potential and critical current density @aKFeAs;

We have performed DC magnetization relaxation and frequéepgndent AC susceptibility
measurements on higjuality single crystals of CaKk&ss with the aim of determining the pinning
potentialU*[2]. The magnetization relaxation curves:(t) ~ J(t) lead to a normalized relaxation rate
S=-dIn(jm|)/dIn(t) = - din(J)/dIn(t) and a normalized pinning potentlaf = T/S shown inFig. 2

(left) while the dependence of lf) on In(1/ma) = In(10a) taken from the experimental data for
each temperature, shown in RJright), allow the distinction between elastic creep and plastic creep,
and the determination of the creep exponents
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Fig. 2 (left) Dependence of the normalized relaxation &xte anl)/din() lon the temperature, for the | DC magnetic
field of 1 T. Insert: Temperature dependence of the normalized pinning potgigte). Double logarithmic plot of the
normalized pinningpotentialU* as a function of the inverse of irreversible magnetization, averaged logarithmically
over the measurement time, for the DC field of 1 T.

The temperature dependenceJofdisplay a clear crossover between elastic creep and plastic creep.

At temperatures around 2728 K U* has a very high value, up to 1200 K, resulting in a probability

of thermallyactivated flux jumps infinitesimally small. From the dependence of the normalized
pinning potential on the irreversible magnetization we rdatermined the creep exponents in the

two creep regimes which are in complete agreement with theoretical models. The estimation of the
pinning potential from mukfrequency AC susceptibility measurements was possible only near the
critical temperature dut equipment limitation, and the resulting value is very close to the one
resulted from the magnetization relaxation data.

We have performed magnetization hysteresis measurements to determine the field dependence of the
irreversible magnetization, at vaus temperatures [Zfkrom the irreversible magnetizati@m(H)
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data we can estimate the critical current density as function of temperature and field, using the
modified Bean critical state model, with the resulted 3D plofs(@fH) shown inFig. 3.
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Fig. 3 Threedimensional plot of the field and temperature dependence of the critical current density.

(iif) Demagnetization effects in Fe@G& e .s) single crystal

The effect of the demagnetizing factor, regarding the determination of-{berétey curent density

Juep has been studied in the case of a Fe(Se,Te) crystal [3], using DC magnetic measurements as a
function of a magnetic fieldH) at different temperature3) First, the lower critical fieldHc1 (T)

values were obtained, and the demagnetization effects acting on them were investigated after
calculating the demagnetizing factor. The temperature behaviors of both the diigimalues and

the ones obtained after considering the demagnetizatieat®fH:19°™9 were analyzed, and the
temperature dependence ofl) whaspetainecdimbdtiocaseq than btted a t
with a power law dependence, indicating the presence ofet@rgy quasiparticle excitations.
Furthermore, by plait n g'2 as-a function off, we found that our sample behaves as a multigap
superconductor, which is similar to other-Ek family ironbased compounds. After that, the
coherence |l ength 3 val ueBg(TicarveeThekadwiedpeftiread d st a
allowed us to determine tldgepvalues and to observe how they are influenced by the demagnetizing

factor.
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