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Abstract

In order to investigate exotic ground states in the highly frustrated magnetic system,
chromium spinel oxides ACra04(A = Mg, Zn, Cd, Hg) have been studied as model com-
pounds of a pyrochlore antiferromagnet. Recently, A-site ordered chromium spinel oxides
LiInCr,Og and LiGaCrsOg were rediscovered to have Cr3*(S = 3/2) pyrochlore lattices
composed of tetrahedra with alternating sizes. These lattices were named “breathing py-
rochlore lattice” after the breathing mode of vibration. Because the spin system on this
lattice locates between a pyrochlore antiferromagnet and tetrahedral clusters, LilnCryOsg
and LiGaCrsOg attract attention; how the breathing of lattice changes their magnetism
and the ground state. These breathing pyrochlore antiferromagnets can be a new path to
understand the magnetism of the uniform pyrochlore system; however, their transitions at
low temperatures have not been characterized.

In this study we aim to reveal the nature of transitions in LilnCr,;Og and LiGaCr4Og.
In contrast to the previous work with bulk property measurements, we mainly employed
a microscopic probe, nuclear magnetic resonance (NMR). Furthermore, we proceeded this
study in combination with single crystal growth of LiGaCrsOg , NMR and neutron scat-
tering measurement on an In doped compound LiGag g5Ing.95CrsOsg .

We performed “Li-NMR on powder LiInCr,Og, which have a nearly isolated tetrahedra-
like lattice due to the large degree of breathing. Consistent with the temperature depen-
dence of magnetic susceptibility in the earlier study, an NMR shift and a nuclear relaxation
rate 1/77 show an activated temperature dependence, indicating a singlet ground state
with a spin gap. 1/T) exhibits a sharp peak indicating antiferromagnetic(AF) transition
at slightly lower temperature than the temperature where the specific heat has a sharp
peak. We assumed that LilnCrsOg shows two-step transition and the one at the higher
temperature is a structural transition, which can be interpreted as a spin-Peierls transition.

Powder NMR on LiGaCrsOg with a small alternation indicates a distributed lst-order
AF transition. To avoid powder averaging of the NMR spectra in the AF phase, we
tried synthesizing single crystal of LiGaCrsOg by a flux method. We found that LiBO2
is suitable for the flux and succeeded in growing single crystals of ~ 0.7 mm size. The
specific heat of the crystal has two sharp peaks, suggesting that two types of AF transitions
occur in LiGaCrsOg. Single crystal NMR measurements confirmed the phase separation
of a commensurate AF phase and an incommensurate one. Although both AF transitions
are 1st order, 1/77 of the paramagnetic phase exhibits 2nd order-like divergence. These
results mean that LiGaCryOg is located in the vicinity of a tricritical point or another
magnetic phase.

We found that the first order AF transitions in LiGaCryOg are replaced by a 2nd-
order transition by slight In doping. However, X-ray and neutron diffraction measurement
show that this transition is not accompanied by structural transition, which is typical of
chromium spinel oxides, and no magnetic bragg peak is observed in the ordered phase. The
ground state can be understood as a kind of nematic state, where spins obey 2Up-2Down

arrangements in each tetrahedron but do not have long correlation.
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Starting Material Flux Initial Temp (O) Cooling rate (O /h)  Ref
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