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Polynuclear clusters of paramagnetic metal ions have attracted 
intense study since the discovery that such molecules can display the 
phenomenon of single-molecule magnetism [1]. The energy barrier 
to the relaxation of the magnetisation implies a large ground state 
spin multiplicity (S) and a significant zero-field splitting (D) of that 
ground state. The strength of coupling and the magnitude of the zero-
field splitting are governed by the molecular geometry. Here we show 
that the application of hydrostatic pressure can significantly change 
the intra-molecular bond lengths and angles – and in some cases the 
connectivity - in a host of molecular or molecule-based complexes and 
in-so-doing greatly modify the observed magnetic parameters [2-7].

Two ‘Mn6’ SMMs, hydroxo-bridged Cu dimers and Cu-based 
chains can all be structurally and magnetically distorted by pressure. 
We describe the combined high pressure crystallographic and high 
pressure magnetism and high pressure EPR experiments performed 
on these materials.
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Structural studies of GaFeO3 (SG Pc21n), an antiferromagnetic 
(TN=200 K) Mott insulator to 70 GPa, complemented by 57Fe 
Mössbauer spectroscopy and resistance measurements at compression 
and decompression reveal a fascinating sequence of structures. Starting 

at ~ 25 GPa a new structure, an orthorhombic perovskite (Pbnm), is 
sluggishly formed followed by a V(P) drop of -5.4%. The complete 
formation of the perovskite occurs at 42 GPa. In the 0 – 35 GPa range 
TN reaches 300 K and R(P) decreases by one-order of magnitude, later 
on, in the 50 - 57 GPa range, the electrical transport activation energy 
drops from 0.28 to 0.11 eV. At 50 GPa an isostructural transition 
is detected, characterized by a discontinuous drop of V(P) by ~3%. 
Mössbauer spectra reveal a non-magnetic component coexisting with 
the magnetic one at ~ 60 GPa. Its abundance increases and above 77 
GPa no sign of a magnetic hyperfine interaction is detected down to 5 
K. Concurrently, one observes a continuous yet precipitous decrease 
in R(P) taking place in the 58-68 GPa range, leading to an onset of 
the metallic state at P > 68 GPa. These electronic/magnetic features of 
the high pressure (HP) perovskite are consistent with a Mott transition 
(MT). 

With pressure decrease, below 52 GPa, the insulating perovskite is 
recovered, and at 23 GPa a 1st-order structural transition takes place to 
the LiNbO3-type structure with R3c SG. This structure remains stable 
down to ambient pressure and with recompression it is stable up to 50 
GPa, afterwards it transforms back to the HP perovskite structure. It is 
noteworthy that this transition occurs at the same pressure, regardless 
of the preceding structures: Pbnm or R3c. The results are compared 
with hematite (Fe2O3, SG ) [1, 2] and other ferric oxides. The 
mechanisms of the transitions are discussed.
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The recent rich diversity of diffraction studies on crystalline 
materials at high pressures has provided an opportunity for structural 
search methods based on first-principles methods to be employed 
for possible full characterization of structures. In this study, we 
report on our recent studies using several structure search methods 
including quasi-random searches, and the metadynamics technique 
as applied to systems where diffraction data provides a challenge to 
full characterization of structures. We will focus on several materials 
where excellent diffraction data has presented additional questions for 
a full knowledge of several high-pressure crystalline structures. We 
will use examples including our recent work on BI3, Mg and Si. 

A combination of structure search methods has, for example, 
been employed to predict the crystalline structure of BI3 that is 
agreement with the recently published diffraction data [1]. The use 
of a combination of methods is demonstrated to reveal the crystalline 
structure consisting of BI3 dimers as fundamental components that is 
most consistent with the diffraction data and reported properties such 
as phase transition pressures and metallization of this material.  

Our investigation of the phase diagram of Mg addresses the question 
on phase transitions in this material. First-principles metadynamics 
and density functional methods were employed to investigate the 
temperature dependence of structural transitions in Mg. The phase 
identified as a double hexagonal close-packed phase and its location 
in the phase diagram of Mg at high pressure and temperature is 
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