Tehnologia de crestere a cristalelor din sistemul multiferoic . Fe>xZnxMosOg si studiul proprietitilor
fizice ale acestora.
Rezumatul activitatii si a rezultatelor obtinute in proiect in anul 2024

Tn cadrul proiectului de cercetare, s-au elaborat si optimizat regimurile tehnologice pentru
sintetizarea materialelor policristaline si cresterea monocristalelor din sistemul multiferoic Fe..
«ZNxM030s cu concentratii variabile de substitutie (0 < x > 2). In prima faza, s-au sintetizat
policristalele prin reactii chimice in stare solida, utilizand oxizi binari de inaltd puritate (CoO,
ZnO si MoOy). Procesul de sinteza a implicat incarcarea materialului initial in ampule de cuart,
urmata de tratarea termica la 1000 °C timp de 200 de ore. Calitatea compozitiei a fost verificata
prin difractie cu raze X, iar pentru a reduce aparitia fazelor impuritare, procedura a fost repetata
de cel putin doua ori pentru fiecare compus.

In cea de-a doua faza, materialele policristaline au fost utilizate ca sursa pentru cresterea
monocristalelor prin metoda reactiei chimice de transport, folosind TeCls anhidru drept agent de
transport. Cresterea a avut loc in ampule duble din cuart la temperaturi cuprinse intre 950 si 900
°C, pentru o perioada de patru saptamani, obtindndu-se cristale stralucitoare de pana la 7 mm
pentru FeoMo3zOg (vezi Figura 1) si pana la 4 mm pentru compusii cu diferitd concentratie de Zn.
Analiza structurala a fost realizatd prin difractia cu raze X, utilizand echipamente de inalta
rezolutie de la ESRF Grenoble, confirmand calitatea ridicata a probelor si caracterul monofazic
al materialelor sintetizate. S-a demonstrat ca subtituirea ionilor magnetici nu provoaca reducerea
simetriei cristaline, care ramane Pe3mc pentru 0 <x> 2.

Analiza structurald a aratat o variatie a parametrilor retelei cristaline (a si €) in functie de
concentratia de substitutie, evidentiind o scddere initiald a parametrului a pand la x = 0,2, urmata
de o stabilizare si o scadere ulterioara (vezi Figura 1). Parametrul ¢ a prezentat o scadere
monotona pentru intervalul 0 < x < 1,5, iar raportul c/a a aritat o scadere continua. Studiul
distributiei atomilor Zn a indicat o preferinta clara a ionilor Zn?>* pentru pozitiile tetraedrice la
concentratii de substitutie 0< x <1,3, influentand interactiunile de schimb intra-strat si inter-strat.

Aceste rezultate au un impact stiintific semnificativ datorita contributiei la dezvoltarea
tehnologie de sintetizare si creastere a materialelor cu proprietati avansate si la intelegerea
fundamentala si aplicativa a sistemelor multiferoice din clasa Fez-xZnxMo30s.
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Figura 1. Imaginea optica a unui monocristal de FexM03Og obtinut prin metoda reactiilor
chimice de transport si variatia constantelor retelei a si C in_functie de substitutie X.




Within the research project, technological regimes were developed and optimized for
synthesizing polycrystalline materials and growing single crystals of the multiferroic Feo.
xZnxMo3Og system with variable substitution concentrations (0 < x > 2). In the first phase,
polycrystals were synthesized via solid-state reactions method using high-purity binary oxides
(Co0, ZnO, and Mo003). The synthesis process involved loading the starting material into quartz
ampoules, followed by thermal treatment at 1000 °C for 200 hours. The composition quality and
phase purity were verified using X-ray diffraction. To minimize the occurrence of impurity
phases, the procedure was repeated at least twice for each compound.

In the second phase, polycrystalline materials were used as the source of transport for single
crystal growth via the chemical transport reaction method. The anhydrous TeCls was used as the
transport agent. Growth was carried out in double quartz ampoules at temperatures ranging
between 950 and 900 °C for a period of four weeks, yielding shiny crystals up to 7 mm in size
for FexMo3Og (see Figure 1) and up to 4 mm for compounds with varying Zn concentrations.
Structural analysis was conducted via high-resolution synchrotron X-ray diffraction using
equipment at the ESRF in Grenoble. These experiments confirmed the high quality of the
crystals and the monophasic nature of the synthesized materials. It was demonstrated that the
substitution of magnetic ions does not reduce the crystalline symmetry, which remains P6smc-
type forupto x=2.

Structural analysis revealed variations in lattice parameters (a and c) as a function of substitution
concentration x, showing an initial decrease in parameter a up to x = 0.2, followed by
stabilization and subsequent reduction (see Figure 1). Parameter c exhibited a monotonic
decrease for the range 0 < X < 1.5, while the c/a ratio showed a continuous decline. The study of
Zn atom distribution indicated a clear preference for Zn?* ions occupying tetrahedral positions at
substitution concentrations 0<x< 1.3, influencing intra-layer and inter-layer exchange
interactions.

These results have significant scientific impact due to their contribution to the development of
synthesis and growth technologies for materials with advanced properties, as well as to the
fundamental and applied understanding of multiferroic systems in the Fe2.«ZnyMo30s class.
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Figure 1. The optical image of a Fe2Mo30Og single crystal grown by the chemical transport
reaction method and the variation of lattice constants a and ¢ as a function of substitution x.
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