Rezumatul activititii si rezultatelor obtinute in proiect (RO,EN)

In cadrul acestui proiect de cercetare au fost elaborate si optimizate regimurile tehnologice
pentru sinteza materialelor policristaline si pentru cresterea monocristalelor din sistemul
multiferoic Fe>-.Zn.MosOs, cu concentratii de substitutie controlabile la nivel atomar. Analiza
structurald a fost realizata la temperatura camerei utilizand difractia de raze X si echipamente de
inaltd rezolutie cu radiatia sicrotron disponibile la ESRF Grenoble. Aceste investigatii au
confirmat calitatea inalta a probelor si caracterul monofazic al cristalelor obtinute. De asemenea,
s-a demonstrat ca substituirea ionilor magnetici Fe?* cu ioni nonmagnetici de Zn?** nu conduce la
reducerea simetriei cristaline, care ramane P6smc pentru intreg intervalul 0 < x < 2.

Masuratorile magnetizarii (2-400 K, £7 T) au ardtat o reducere sistematica a temperaturii de
tranzitie magneticd de la Tn = 60 K (x = 0) la ~10 K pentru x = 1, Figura 1(a) si (b). Pentru
concentratii X > 1 ordonarea magneticd este complet suprimatd, sistemul devenind magnetic
dezordonat. In paralel, datele de calduri specifici au confirmat aceastid evolutie: anomalia
lambda caracteristicd ordonarii magnetice se deplaseaza spre temperaturi joase si dispare pentru
X = 1.2, fiind inlocuita de un maxim larg asociat corelatiilor pe raza scurta.

Rezultatul principal al proiectului il constituie demonstrarea faptului ca substitutia selectiva la
nivel atomar modifica profund tranzitiile magnetice in cdmp: campul critic al tranzitiei spin-flop
scade de la ~15 T (x = 0) la <2 T pentru x = 1 [vezi Figura 1(c)], facand posibila investigarea
fazelor magnetice metastabile utilizand magneti superconductori standard (<7 T). In plus, in
cazul probelor slab dopate (0 < x < 0.2) a fost identificat un mecanism neconventional de
inversare a magnetizarii, mediat de aparitia tranzitorie a unei stari antiferomagnetice (AFM)
intermediare, fenomen evidentiat atat prin masuratori de magnetizare si polarizare electrica, cat
si prin comportamentul relaxarii in timp. Studiile magnetizarii si polarizarii electrice in functie
de timp, realizate in premiera pentru aceste materiale, au demonstrat ca dinamica inversarii
magnetizdrii si evolutia stariit AFM depind puternic de concentratia de Zn, reliefdnd cuplajul
strans dintre gradele de libertate magnetice si structurale. Aceste rezultate furnizeaza o imagine
coerentd asupra modului in care substitutia izovalenta pe pozitii selective controleaza interactiile
magnetice si stabilizeaza faze noi intr-un material multiferic polar. Rezultatele proiectului
contribuie direct la intelegerea cuplajului spin—retea si oferda o baza solida pentru proiectarea
materialelor multiferoice cu proprietati ajustabile prin dopaj controlat.
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Figura 1. Proprietitile termodinamice si magnetice ale sistemului Fe:—ZnMo030s: (a) Dependenta de
temperatura a caldurii specifice si (b) susceptibilitatea magneticd masuratd pentru probe monocristaline
cu diferite concentratii de substitutie x. (c) Curbele de histereza magnetica mésurate la 2 K pentru H || c.
Codul de culori din (a) se aplicd tuturor panourilor. Sagetile din (a) si (b) indica temperaturile Néel T, iar
cele din (c) marcheaza campurile critice H. ale tranzitiei spin-flop citre starea ferimagnetica. In insertul
din (b) este ilustratd imaginea opticd a unui monocristal de Fe:MosOs, crescut prin metoda reactiilor
chimice de transport.



Within this research project, the technological procedures for synthesis polycrystalline materials
and growth of single crystals of the multiferroic system Fe.-.Zn.MosOs were developed and
optimized, enabling atomically controlled substitution precision. Structural analysis was
performed at room temperature using X-ray diffraction and high-resolution instruments
(synchrotron radiation) available at ESRF in Grenoble. These investigations confirmed the high
quality of the samples and the single-phase character of the as-grown crystals. Furthermore, it
was demonstrated that substituting magnetic Fe?* ions with nonmagnetic Zn*" ions does not
reduce the crystallographic symmetry, which remains P6smc throughout the entire substitution
range 0 <X <2.

Magnetization measurements (between 2—400 K, and +7 T) revealed a systematic decrease of the
magnetic transition temperature from Tn = 60 K (x = 0) to ~10 K for x =1, as shown in Figure
I(a) and (b). For concentrations x >1, magnetic ordering is completely suppressed, and the
system becomes magnetically disordered. In concurrent, specific-heat data also confirmed this
evolution: the lambda-type anomaly associated with long-range magnetic order shifts towards
lower temperatures and disappears for x 1.2, being replaced by a broad maximum characteristic
of short-range magnetic correlations.

The key result of the project is the demonstration that site-selective atomic-level substitution
strongly modifies the field-induced magnetic transitions: the critical field of the spin-flop
transition decreases from ~15 T (x = 0) to below 2 T for x =1 [see Figure 1(c)], making it
possible to investigate metastable magnetic phases using standard superconducting magnets (<7
T). Moreover, for lightly doped samples (0 < x < 0.2), an unconventional magnetization-reversal
mechanism was identified, mediated by the transient appearance of an intermediate
antiferromagnetic (AFM) state. This phenomenon was evidenced both through magnetization
and electric-polarization measurements and through time-dependent relaxation behavior. Time-
resolved studies of magnetization and electric polarization, performed for the first time on these
materials, demonstrated that the dynamics of magnetization reversal and the evolution of the
intermediate AFM state depend strongly on the Zn concentration, highlighting the tight coupling
between magnetic and structural degrees of freedom. These findings provide a coherent picture
of how isovalent, site-selective substitution controls magnetic interactions and stabilizes new
phases in a polar multiferroic material. The results of the project directly advance the
understanding of spin—lattice coupling and provide a solid foundation for designing multiferroic

materials with properties tunable through controlled doping.
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Figure 1. Thermodynamic and magnetic properties of the Fe:—Zn,Mo03:0s system: (a) Temperature
dependence of the specific heat, and (b) magnetic susceptibility measured for single-crystalline samples
with different substitution concentrations x. (c) Magnetic hysteresis loops measured at 2 K for H || ¢. The
color code used in (a) applies to all panels. Arrows in (a) and (b) indicate the Néel temperatures T, while
arrows in (c) mark the critical fields Hc of the spin-flop transition into the ferrimagnetic state. The inset in
(b) illustrates the optical image of FexM0s0Os compound, grown be chemical transport reactions methos.



