Structural characterization and magnetic properties
determination of nanocrystalline Ba3Fe2WO9 and Sr3Fe2WO9
perovskites prepared by the modified aqueous sol-gel route
Igor Djerdj1,*, Jelena Bijelić1, Anamarija Stanković1, Brunislav Matasović1, Berislav Marković1, Mirjana Bijelić2, Željko Skoko2, Jasminka Popović3, Goran Štefanić3, Zvonko
Jagličić4,5, Sabrina Zellmer6, Tobias Preller6, Georg Garnweitner6, Tamara Đorđević7
*E-mail: igor.djerdj@kemija.unios.hr
1

Josip Juraj Strossmayer University of Osijek, Department of Chemistry, Cara Hadrijana 8/A, 31000 Osijek, Croatia
2 University

3

Ruđer Bošković Institute, Center of Excellence for Advanced Materials and Sensing Devices, Bijenička 54, 10000 Zagreb, Croatia
4

University of Ljubljana, Faculty of Civil and Geodetic Engineering, Jamova 2, 1000 Ljubljana, Slovenia
5

6

of Zagreb, Faculty of Science, Department of Physics, Bijenička 32, 10000 Zagreb, Croatia

Institute of Mathematics, Physics & Mechanics, Jadranska 19, SI-1000 Ljubljana, Slovenia

Institute for Particle Technology and Laboratory for Emerging Nanometrology, Technische Universität Braunschweig, Volkmaroder Str. 5, 38104 Braunschweig, Germany
7

Institut für Mineralogie und Kristallographie-Geozentrum, Universität Wien, Althansstr. 14, A-1090 Wien, Austria

INTRODUCTION
Perovskite materials exhibit intriguing physical properties that have been extensively studied for various practical applications - from the discovery of ceramic high-temperature superconductors to the hybrid organic–inorganic semiconductors for highefficiency solar cells - the materials science and applications of perovskites have been a very broad research area open to many revolutionary discoveries for new device concepts. The ideal stoichiometry of a perovskite (ABX3) can be modified by changing
one, two or three different types of atoms in the A or B cation positions, hence because of this flexibility, perovskites compounds can adopt more complex structures, such as: A2BB’O6, AAˈB2O6, AA’BB’O6, A3B2B’O9, A2A’B2B’O9. In particular, triple
perovskites A3B2B’O9 are exhibiting a range of interesting physical properties such as relaxor ferromagnetic, multiferroicity and spin-glass, unfortunately often they are reported without any detailed structural characterization.
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Figure 1. Rietveld output plots of the investigated
compounds: Ba3Fe2WO9 (a), Sr3Fe2WO9 (b). The observed,
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corresponds to reflections of Ba3Fe2WO9, while the second
one describes identified impurity BaWO4.

Figure 2. Selected TEM and HRTEM images recorded at different magnifications for Sr3Fe2WO9 (a, b, c) and
Ba3Fe2WO9 (d, e, f). Low-magnification images (Figures 6a and 6d) show that the resulting compounds are
composed of rather spherical particles with diameters that are approximately similar to average crystallite sizes
determined by the Rietveld microstructural analysis. HRTEM images (Figures 6b, c, e, f) reveal the local
crystallinity of observed nanoparticles as evidenced from visible lattice fringes. Particularly, Figure 6b shows
detected Moire fringes which is expected when two similar patterns overlap.
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Figure 3. FE-SEM images of Ba3Fe2WO9 at magnification of 10 000×
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At room temperature, the crystal structure of 6H-perovskite Ba3Fe2WO9 is hexagonal, space group P63/mmc with a=5.7577(2) and c=14.1095(5) Å, whereas Sr3Fe2WO9 presents a tetragonal lattice, space group I4/m with a = 5.5724(1) and c=7.9022(2) Å.
Both compounds exhibit a disordered perovskite structure, in which Fe3+ and W6+ cations distribute randomly at the B-sites of the perovskite lattice: Sr2[Fe0.78W0.22]2a[Fe0.59W0.41]2bO6 and Ba6[Fe1.69W0.31]2a[Fe2.31W1.69]4fO18. The detected hysteresis loops with
non-zero remanent magnetization and rather large coercive field reveal ferrimagnetic ordering with ordering temperatures of 373 K for Sr3Fe2WO9 and 330 K for Ba3Fe3WO9. Magnetic measurements show the onset of ferrimagnetic ordering at relatively
high temperatures of 717 and 711 K for the Sr and Ba compounds, respectively; however the magnetization isotherms at 2 K exhibit, for H = 50 kOe, maximum magnetization values close to 0.8 mu(B) f.u.(-1) and 0.35 mu(B) f.u.(-1) for Sr and Ba
compounds respectively, although full saturation is not reached.

