ESR Evidence of High-Temperature Magnetic Transitions in Noncentrosymmetric Ternary Carbide GdCoC2
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The compound GdCoC2, a unique ternary carbide with a noncentrosymmetric orthorhombic structure, attracts attention due to its complex phase transitions, including a PM–FM transition and a commensurate–incommensurate transformation, as well as a pronounced magnetocaloric effect [1-3]. The presence of non-collinear magnetic states and formation of spin textures at low temperatures T ~ 15 K caused by interplay of ferromagnetic and Dzyaloshinskii–Moriya interactions results in an anomalously large topological Hall effect [1]. The above interesting physics is based on the consideration of the magnetism of Gd magnetic ions. The present study aims at investigation of the magnetic properties of GdCoC₂ over a wide temperature range 5-600 K using ESR spectroscopy, providing comprehensive insight into its phase transformations and spin dynamics. The sample was synthesized under high-pressure conditions (8 GPa, 1500–1700 K) using a toroidal chamber at HPPI RAS.
The ESR measurements were carried out in two temperature ranges (5 – 120, 154 – 623 K) at microwave frequency ~ 9.4 GHz (X‑band) using Bruker EMX/plus and Varian E12 spectrometers. 
The ESR spectra recorded at different temperatures consist of one to four distinct resonance lines (Fig. 1).

Line “L1” (shown in black) emerges at ~15 K in the low-field region and persists up to 450 K. Below room temperature, its integrated intensity remains relatively stable; however, above room temperature, the intensity drops sharply, accompanied by a decrease in linewidth.

Line “L2” (red) is observed throughout the entire temperature range. At low temperatures (T < 7 K), it exhibits ferromagnetic characteristics, transitioning to a paramagnetic response above ~30 K (g ≈ 2). As temperature increases, the line narrows and its integrated intensity gradually decreases up to ~500 K, after which the intensity and linewidth begin to increase.

Line “L3” (blue) is registered similarly to L1, starting from ~15 K. Its intensity reaches a minimum at ~350 K, after which it broadens significantly and grows in intensity. The corresponding g-factor varies within the range of ~3 to ~4.4.

Line “L4” (green) becomes detectable at ~300 K, with its intensity peaking around 340 K. As the temperature increases further, the resonance field of L4 shifts toward zero, and its parameters subsequently remain nearly unchanged.

These observations indicate several characteristic temperature regions with notable changes in the ESR spectra:

1. Low-temperature region (T < 30 K): presence of ferromagnetic resonance.

2. Near and above room temperature (T  ⪆ 300 K): emergence of lines L3 and L4.

3. High-temperature region (T > 500 K): growth in the intensity of line L2.

The restructuring of the high-temperature ESR spectra suggests the occurrence of additional magnetic transitions around T ≈ 350 K and T ≈ 500 K. This effect constitutes new high temperature magnetic transitions, which may be attributed to the filling of excited states of the Co magnetic ion with increasing temperature. 
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Fig. 1. Temperature evolution of the ESR spectrum of GdCoC2 (a);
Temperature dependence of the ESR resonance field (b), linewidth (c) and intensity (d).

