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Abstract

As the second family of high-temperature superconductors following cuprates, iron-based super-
conductors occupy a vital position in the exploration of novel superconducting materials and the
investigation of superconducting mechanisms owing to their distinctive crystal structures and
abundant physical phenomena. In this work, uranium (U) was adopted to partially substitute gado-
linium (Gd) in the GdFeAsO system, and a new actinide compound Gdo.o5sUo.0sFeAsO was successfully
synthesized. X-ray diffraction measurements reveal that U doping induces lattice contraction along
both the a-axis and c-axis, verifying that U atoms effectively replace Gd atoms in the crystal lattice.
Elemental mapping characterizations demonstrate uniform distribution of U within the matrix,
with only trace amounts of UO:z impurity phase formed. Comparative experiments under argon and
air atmospheres combined with thermodynamic analysis indicate that storage under an inert at-
mosphere or vacuum can substantially mitigate oxidation of the material. During thermal treatment
in air, 738 K (the boiling point of Asz203) serves as a critical temperature requiring stringent control;
temperatures above this threshold accelerate exothermic oxidation at Fe sites. The parent com-
pound exhibits a prominent resistivity anomaly near 128 K, which is closely associated with spin-
density-wave (SDW) instability. U doping effectively suppresses SDW instability and induces zero-
resistance behavior in Gdo.ssUo.0sFeAsO. Hall effect measurements further confirm that U doping in-
troduces electron-type charge carriers into the system.
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Figure 1. X-Ray diffraction patterns of Gdi-xU.FeAsO samples with doping concen-
trations x = 0, 0.05 measured at room temperature. A small amount of UO2 impurity
phases has been identified in the doped samples, indicated by red asterisks
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Figure 2. Microstructure and elemental analysis of the layered compound Gdi-U,FeAsO. (a) Scanning electron microscopy
(SEM) images of the GdoosUoosFeAsO sample surface at high magnification; (b) A representative EDS spectrum of
Gdo.9sUo.0sFeAsO sample, demonstrating uranium incorporation into the crystal lattice; (c)~(g) Corresponding EDS elemental
maps of the Gdo.osUo.0sFeAsO sample for (¢) Gd, (d) U, (e) Fe, (f) As, and (g) O; (h) The comparison between the nominal and
measured U contents for doped samples
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Figure 3. Thermodynamic analysis results of Gdo.gsUo.0sFeAsO under argon at-
mosphere (dashed line) and air atmosphere (solid line): (a) TG curves and (b)
DSC curves measured at a heating rate of 10 K/min
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Figure 4. Temperature-Dependent electrical resistivity for Gdi~U:FeAsO
samples (x =0, 0.05) up to 300 K
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Figure 5. Temperature dependence of Hall coefficient RH for
Gdo.osUo.0sFeAsO samples, in comparison with that of the parent com-

pound GdFeAsO
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