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Figure 1: Temperature evolution of the 400 and 444
cubic reflections. Note the coexistence of the cubic and
orthorhombic phases at 44 K.
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Figure 2: Temperature evolution of the lattice param-
eters and unit-cell volume for GaTa4Se8.

In this experiment, we sought to resolve low-
temperature crystal structures of relativistic la-
cunar spinels GaTM4Se8. These compounds
feature TM4 tetrahedra with an electronic de-
generacy that triggers a Jahn-Teller distortion
on cooling. An exact manifestation of this dis-
tortion depends on the relativistic effect of spin-
orbit coupling that occurs in heavy elements
such as Nb and Ta.

The experiment was very successful, as
we were able to pinpoint phase transitions in
both compounds and resolve low-temperature
crystal structures for the first time. Here,
we present the results obtained for GaTa4Se8,
whereas the behavior of GaNb4Se8 is generally
similar. At room temperature, GaTa4Se8 fea-
tures the face-centered cubic crystal structure
of a lacunar spinel (F 4̄3m). On cooling, peak
splitting was observed at 44 K. Whereas the 400
cubic reflection splits into three, the 444 reflec-
tion is not split (Fig. 1). This is indicative
of an orthorhombic distortion. Aided by the
single-crystal XRD data collected in the lab on
the same compound, we identified the metrics
of the low-temperature structure as a× a× 2a
and refined the model with the P212121 sym-
metry. This symmetry is non-polar. However,
deformations introduce polarity into individ-
ual Ta4 tetrahedra, so overall we observe an
antiferroelectric transition, which is consistent
with the dielectric measurements reported re-
cently on this compound [1]. It is worth noting
that the ultra-high resolution available at ID22
was essential to resolve the orthorhombic dis-
tortion. Previously, the low-temperature phase
of GaTa4Se8 was thought to be tetragonal [2], and the recent preprint [3] repeats this wrong claim,
because neutron data with the much lower resolution have been used for the structure analysis.
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Figure 3: Temperature dependence of the isotropic
(LY) and anisotropic (LYe) profile parameters. The def-
inition of LY and LYe is according to Jana2006.

Some further remarks are in order:

1) We observe the transition at 44 K,
whereas thermodynamic measurements return
the transition temperature of 52 K [1]. This
mismatch may be due to beam heating, al-
though we checked that attenuation of the
beam with second “basler” camera did not in-
crease the transition temperature (one camera
was introduced into the beam in all measure-
ments because temperatures below 40 − 50 K
could not be reached otherwise). Therefore, it
is possible that some temperature gradient be-
tween the capillary and thermometer is present
in the custom ID22 cryostat.

2) Although unit-cell volume shows no dis-
continuity at the transition (Fig. 2), there is a
clear coexistence of cubic and orthorhombic phases at 44 K. Therefore, the transition is first-order.

3) A rather peculiar temperature dependence of the profile parameters is observed. On ap-
proaching the phase transition, peaks of the cubic phase progressively broaden and then become
much more narrow in the low-temperature phase. This broadening suggests strong precursor
effects in the cubic phase of GaTa4Se8.

We are now completing this study with an ab initio calculation of the local electric polarization
and plan to prepare the publication shortly.
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