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Thermodynamic Studies of Spin-Lattice Effects in Frustrated Magnets
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In spin frustrated systems, the interplay between spin and lattice degrees of freedom, known as spin-lattice
coupling, often plays an important role. This article introduces the lattice behavior in pyrochlore-based frustrated
magnets with strong spin-lattice coupling. Frustrated compounds are extensively investigated through neutron
scattering experiments in terms of the spin behavior, although the lattice behavior has not been carefully investigated.
Assuming the presence of strong spin-lattice coupling, a detailed study on the lattice behavior should provide not only
insights into lattice properties but also profound understanding of spin properties. Here, we present the results of
thermodynamic studies on chromium spinels CdCr,O, and CoCr,Q, and pyrochlore Th,Ti,O;. They exhibit
characteristic lattice behaviors corresponding to their spin behaviors. Furthermore, the combination of heat capacity
and thermal expansion studies provides valuable insights on the spin behavior and phase stability as well as the lattice

property.
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Fig.1 Schematic illustrations of geometrical frustration in (a)
triangular structure and (b) tetrahedron structure.

(a) )

Fig.2 (a) Triangular lattice,
network, and (b) pyrochlore
tetrahedral network.
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Fig.3 Schematic illustrations of the spin-lattice coupling in
the pyrochlore lattice. (a) The frustrated state with the cubic
structure and (b) the stabilized state with the tetragonal
distortion.
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Fig.4 Heat capacity C, of CdCr,O,. The dashed line
shows the lattice heat capacity calculated by scaling of the
heat capacity of ZnGa,0,. The inset shows the vicinity of the
magnetostructural transition at Ty = 7.8 K, which is used to
obtain the excess contribution.
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Fig.5 (a) The temperature dependence of the thermal
expansivity AL/L, of CdCr,0,. Negative thermal expansion
is seen in the temperature range from 140 K to 45 K, as
marked by the dashed lines. (b) The thermal expansion
coefficient @ of CdCr,O,. The inset in the lower frame
shows a of the vicinity of the magnetostructural transition at
Ty = 7.8 K where the line is used to calculate the excess
contribution.
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Fig.6 Heat capacity C, of CoCr,0,. The inset shows the heat
capacity in the vicinity of the lock-in transition at 7, = 13 K.
The lines are used to obtain the jumps and the excess
contributions.
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Fig.7 Thermal expansion coefficient & of CoCr,0, below 120
K. The lines are the baselines used to obtain the jump and the
excess contributions. The inset shows the linear thermal
expansivity 4L/Lq in the entire region.
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Fig.8 (a) Heat capacity C, of Th,Ti,O; (circle). The fit to
the experimental data was performed by using the CEF,
low-energy excitation, and lattice contributions (see text),
shown as the dashed line, dotted line, and dash-dot line,
respectively. The sum of these contributions is described by
the solid line. (b) Probability distribution of the CEF and
low-energy excitation used in the fitting procedure, where
probability densities with the negative temperature were
omitted.
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Fig.9 Thermal expansion coefficient « of Th,Ti,O; (circle).
The fit to the experimental data was performed by using the CEF
and lattice contributions (see text), shown as the dashed line and
dash-dot line, respectively. The total contribution from the CEF
and lattice was described by the solid line.
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