Observation of ferromagnetic order in Ga-based icosahedral quasicrystal
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Ferromagnetism is well established in both
periodic crystals and amorphous materials [1,2],
yet its realization in quasicrystals (QCs), i.e.,
solids with long-range quasiperiodic order and
non-crystallographic rotational symmetry [3],
remained elusive for decades. Magnetic QCs
were long believed to support only short-range
correlations or glassy states, until the recent
discovery of ferromagnetic and
antiferromagnetic  orders in  Au-based
icosahedral QCs [4-6]. To date, however, all
magnetically ordered QCs have been confined to
Au-based alloy systems. Recent theoretical
studies, on the other hand, have shown that
crystal electric  field-induced  single-ion
anisotropy, determined by the local ligand
environment of the rare-earth ions, can stabilize
a variety of noncollinear and noncoplanar spin
configurations in QCs [7]. This means that the
discovery of new magnetic QCs in non-Au-
based systems could not only expand the known
magnetic QCs, but also provide access to
magnetic  textures not yet  realized
experimentally.

Using the heterovalent elemental-substitution
strategy introduced elsewhere [§], a new
polycrystalline QC is recently synthesized by
rapidly quenching an arc-melted alloy with the
nominal composition Gas2Ausz.cPt20Tbis.a. Bulk
magnetization measurements revealed
ferromagnetic ordering with a Curie temperature
of 5.7 K, a Curie—Weiss temperature of 2.10 K,
and an effective magnetic moment of 9.39 ug.

To gain further insight into the nature of the
magnetic order, powder neutron diffraction
measurements were performed using the high-
resolution diffractometer HERMES with a
neutron wavelength of 2.1964(2) A. A 3.05 g
polycrystalline sample was powdered and
loaded into a 6-mm-diameter vanadium can
under a helium exchange-gas atmosphere. A Cd
absorber was placed at the bottom of the can to

centre the sample in the neutron beam.
Diffraction patterns were collected at 2 and 15 K
and are compared in Fig. 1. Magnetic reflections,
including (221001), (211111), and (111000),
emerge at positions coincident with the nuclear
Bragg reflections, consistent with a propagation
vector of k£ = 0 and ferromagnetic order. The
reflections were indexed in six-dimensional
reciprocal space using the Elser indexing
scheme. Refinement of the magnetic structure
was not possible because a suitable higher-
dimensional framework for modelling and
refining magnetic order in quasicrystals is not
yet available.
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Fig. 1. Powder neutron diffraction patterns of

GaszAusa.6Pt20Tbis.s QC measured at 2 and

15 K.
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