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Development of precision synthesis method for iron carbide clusters and
elucidation of anomalous magnetism
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The purpose of this study is to establish a precise synthesis method for

iron carbide clusters having ferromagnetism and to elucidate the magnetic mechanism. Furthermore, to
understand such extremely small magnet properties, this work synthesized and elucidated the quantum
magnetic properties of single molecule magnets, single ion magnets, and spin qubits. This work
achieved the following four main results: (1) Elucidation of magnetism of iron carbide clusters
supported on the graphitic carbon support, (2) Synthesis and elucidation of magnetic of anionic
polynuclear complexes using citric acid ligands, (3) Synthesis and elucidation of quantum magnetisms
of Co(l1)- and Cu(ll)-doped metal-organic frameworks (4) Synthesis and elucidation of quantum
magnetism of Cu(ll) one-dimensional chain compounds.
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Sample loading © (1.9K)  (300K)
[nm] [up atompe '] (K] [K]
[wt%] [Oe¢] [Oe¢]

Fes;C 399 - 1.5 166 21 467 483
Feqo/C 1.3£0.39 0.20 2.3 603 140 ca. 385 483+5
Feas/C 1.0+0.3® 0.13 1.5 939 163 473 48345
Fe;/C  0.9+0.2Y 0.056 1.6 1856 367 410-470M  ca. 488
Fey/C - 0.013 1.0 2697 666 350-470M  ca. 488

3 Crystal diameter estimated based on PXRD data. ® Particle diameter estimated based on TEM data. ©
Loading amount of Fe in the sample after CHR as measured using ICP-AES; the experimental error was
estimated to be ca. 10%. ¥ Magnetic moment per Fe atom estimated based on the saturation magnetization
at 1.9 K. @ Coercivity. ? Blocking temperature. ® Curie temperature. 7s and Tc were calibrated using Tc =
483 K (FesC as a standard),’ and were determined from the maximum of the second derivative of the M—T
curve. M Uncertainty is due to the measurement sensitivity limit and noise.
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