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Project description: Investigation of 2D or 3D frustrated magnets in the mK regime
The aim of this project is an experimental investigation of highly frustrated magnetic systems in two or three
dimensions by means of macroscopic magnetization and AC susceptibility measurements in the mK temperature range, which is available at CNRS-Grenoble.
First, we will investigate a family of cerium-based pyrochlore insulators with the general formula CeIII2B2O7
with B = Zr, Sn, Hf. The magnetic moments lie on a 3D lattice of corner-sharing tetrahedra leading to geometrical frustration. In these systems the natural tendency to form long-range ordered ground states is frustrated, resulting in novel short-range ordered alternatives such as spin glasses, spin ices and spin liquids.
The interest in the cerium-based materials is their small magnetic moment, which reduces the strength of
the classical dipolar interactions and provides an interesting playground to study quantum phenomena.
Secondly, we will focus on the CoII5(OH)2(C4H4O4)4 metal-organic framework in which the 2D geometrically
frustrated lattice of magnetic ions has a different topology compared to the most often studied Kagome, triangular and star lattices. The questions of long-range order (estimated to be around 1.5 K from an epithermal neutron diffraction study) and of the dynamical properties in the ordered state will be addressed.
Scientific objectives of the project:
- CeIII2B2O7 compounds: the main objective of the proposed experiments is to provide a description of the
macroscopic behaviour of these materials in the temperature range below 2 K. This will be, by itself, the first
experiment to understand the nature of their magnetic properties, and also an essential and solid background for the realization of further experimental investigations (mainly based on neutron scattering techniques). The general objective of the study of this family of compounds is the observation of experimental
signatures of quantum spin-ice.
- CoII5(OH)2(C4H4O4)4 metal-organic framework: the main goal is to investigate the magnetic properties
driven by this uncommon type of geometrically frustrated lattice in the case of CoII spins. We will be able to
determine the temperature and the nature of the magnetic ordering transition as well as the evolution of the
magnetic properties around the transition. This will provide information original about the magnetic fluctuations. Our results will be supplemented with a study of the magnetic structure, by means of neutron diffraction experiments at very low temperatures at the Paul Scherrer Institut.
Technical description of work to be performed:
- In the case of the pyrochlore compounds CeIII2B2O7 the realization of macroscopic measurements in the
mK regime is an essential step towards further investigations of their magnetic state. Thus, the first work
will be to determine if these compounds order in the range of temperatures reachable with dilution cryostats. Once this question is answered, and whatever the nature of the answer, measurements will be realized in more details with both DC and AC techniques, in various applied magnetic fields, and also as a
function of the orientation of the crystallographic axes relative to the direction of the magnetic field.
- For the CoII5(OH)2(C4H4O4)4 metal-organic framework, we will take a large advantage from the two SQUID
magnetometers installed at the Institut Néel in order to perform the detailed study of this compound. Measurements will be realized in the temperature range 0.1 K – 2 K with both DC and AC techniques. SQUID
detection will be of prime importance for the measurement of the relatively small single-crystals that can be
obtained for this compound, with the aim of characterizing the magnetic anisotropy of the system. Furthermore, the isostructural compound based on FeII spins has shown remarkable dynamic properties in the ordered state (R.Sibille, Ph.D Thesis, 2012); similar behaviour might be expected for the CoII compound and
the exceptional possibilities offered by one of the instruments in terms of AC magnetic measurements
(down to very low frequencies) will be central to our studies.
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