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Report:

The EuX (X=0,5S¢ Te) and GdX (X=N,P,AsSb,Bi) have been considered for decades as “textbook
systems’ to sudy magnetic interactionsin semiconductros (semimentas) with localised magnetic shells. At the resent
years we have performed an extendve sudy of the magnetic properties of the EuX and GdX families under pressure,
using recently developed technique for magnetic neutron diffraction sudies in the 50 GPa — pressure range [1]. From
our neutron results we suggest a possibility of dructurd trangtionsin the GdX compounds in the pressure range 20 —
50 GPa, accompanied by drastic changes in their magnetic structures. It seemed to be reasonable to combine our
neutron data (obtained at the LLB) with X-ray ones in order to get full information about magnetic and crysta
sructure of the GdX compounds under pressure. ESRF provided excellent conditions for the X-ray part of the
studly.

We have performed high pressure studies of the GdAs, GdSb and GdBi in the pressure range 0-50 GPa using
the beamline 1D30. We discovered new pressure induced sructural phases. In the GdAs, the initid NaCl-like
packing remains stable up to 40 GPa. In the pressure range 40 — 47 GPa we observed a structura trangition to a
tetragona phase (distorted CsCl —type, see Fig.1). The same trandtion has been found in the GdSb in the pressure
range 23 — 28 GPa. In both cases we observed intermediate phases near the critical pressures. In the GdBi we have
found severd polimorphic phases in the pressure range 0 — 20 GPa. At the low pressures, besides the well-known
cubic phase (NaCl) we have found a rhombohedra phase (distorted NaCl). In the pressure range 9-23 GPa dl the
NaCl-like phases (cubic or rhombohedrd) transform to the cubic CsCl-like phase (see Fig.2).

Our results should be compared with those obtained for the EuX compounds. In the EuX compounds, the NaCl
—like structure transform to the CsCl-like structure in the pressure range 10-50 GPa [2]. We conclude that the
trangtion NaCl-like — CsCl-like is the generd trend under very high pressures in both families. Previous X-ray
measurement did not detect any distorted/intermediate phases in the EuX family [4]. In order to be sure that the
intermediate phases were not missed in the previous studies, we have measured under pressure EuS, EuSe and
EuTe The high-quaity X-ray data confirmed that in the EuX compounds the phase trangtion NaCl-CsCl occurs
abruptly, without any intermediate phases. Findly, the two families show subgtantid difference under high pressures.
In the GdX compounds, the crystd structure seems to be more “soft” and than in the EuX ones, the structura
trangtions occur more smoothly through distorted intermediate phases. In contrast to the EuX-family the pressure
behaviour of the GdX-family can not be explained in aframework of the smpleionic modd.




The obtained results are crucid for understanding of the magnetic properties of the EuX and GdX compounds
under pressure. The discovered structurd trangtions help to understand evolution of the magnetic structures, for
example atwo-step magnetic trangtion in the GdAs in the pressure range 40-50 GPa (found by neutron diffraction).
The “smooth” (multi-step) variaion of the crysta dructure between the NaCl and CsCl-pases i the GdX
compounds gives a unique opportunity to understand the relationship between the crystd structure and magnetic
interactions. At the present, new neutron diffraction measurements are in progress in order characterize magnetic
order in the discovered polymorphic phases of the GdBi. After complete characterisation of the magnetic and crystdl
sructure of the GdX compounds in the pressure range 0 —50 GPawe intend to extend the X-ray/neutron study in the
pressure range above 50 GPa

In concluson, we discovered new structurd phases in the GdAs, GdSb and GdBi under pressure. The
combined X-ray (ESRF) and neutron (LLB) study dlows at the first time to characterise fully long-range magnetic
order and crysta structure in the 50 GPa pressure range.
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Fig.1 X-ray and neutron diffraction (on the insert) Fig.2 Equations of state and structurd trangtions
diffraction data for the GdAs in the GAX compounds. The grey areas indicate

the trangtion regions.



