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Report: 

A part of the obtained results related to the study of Fe2O3, hematite, has been submitted as a 

report to Phys. Rev. Lett.:  

E. Greenberg, G. Kh. Rozenberg, E. Bykova, W. Xu, M. P. Pasternak, L. Dubrovinsky, Z. 

Konopkova, H.-P. Liermann, and M. Hanfland, Multi-stage correlation breakdown in Fe2O3 

– a new scenario of the Mott transition.  

ABSTRACT 

Electronic and structural properties of Fe2O3 have been studied at pressures up to 100 GPa 

combining 
57

Fe Mössbauer spectroscopy, single crystal and powder synchrotron x-ray 

diffraction. In contrast to the classical case of the MT, leading to an insulator to metal 

transition concurrent with a complete collapse of magnetism, in Fe2O3 we have discovered a 

new scenario of Mott transition (MT) characterized by a multi-stage correlation breakdown. 

At the first stage of the transition at 50 GPa hematite transforms into a double-perovskite 



 

(DPv) structure; immediately following, a correlation breakdown on the octahedral sites of 

the DPv phase results in an insulator to metal transition and a collapse of magnetic moments 

on only half of the Fe-sites. Above 60 GPa the abundance of Fe
3+

 in the high-spin state starts 

to decrease, indicating further propagation of the correlation breakdown process. Finally, 

another structural transition occurs at ~ 68 GPa into an orthorhombic phase with a single Fe 

site concurrent with complete collapse of magnetism signifying the concluding stage of the 

correlation breakdown. A similar scenario of MT could be expected for many structurally 

complex strongly correlated systems. 

 

We have also performed powder XRD studies of  BFeO3 and AlFeO3 up to 116 and 98  GPa, 

respectively. He or Ne were used as pressure medium. Based on a preliminary analysis of the 

obtained XRD data we have established that BFeO3 does not change the space group ( 3  R c ) 

up to 116 GPa, the highest pressure measured. Similar to previous observations [1], an 

isostructural volume decrease of ~8% was observed at around 55 GPa coinciding with the 

drastic change of the magnetic properties.  It is noteworthy, that also above this isostructural 

transition, the structure of  BFeO3 is characterized by a single Fe site. Meanwhile, our low-

temperature Mössbauer data reveals two electronic sites of Fe: one –HS with significantly 

reduced TN and another one – with no sign of a magnetic interaction down to 5 K. 

Undoubtedely an analysis of the pressure evolution of interatomic distances and bond angles 

may help to resolve this controversy. Such information could be obtained from single crystal 

XRD data. 

In contrast to BFeO3, powder XRD studies of  AlFeO3 revealed two structural phase 

transitions at the pressure range 17-80 GPa (Fig. 1). The first one starts at ~23 GPa and is 

completed around 40 GPa. The main features of this transition is the splitting of  the peaks of 

the low-pressure (LP) phase (e.g. the peak at 2Θ~10° splits and shoulders are present around 

some other peaks). This indicates a gradual distortion of the LP structure, as the symmetry 

seems to change from orthorhombic to monoclinic. The refinement of the cell edge is 

difficult due to the strong overlap of the peaks that causes a strong correlation between the 

cell edge parameters. At 47 GPa some new peaks appear in the diffraction patterns and the 

peaks of the previous phase decrease gradually in intensity and finally are no more present at 



 

69 GPa indicating that the transformation is complete. The features of this transformation 

clearly suggest a first order phase transition, but since the peaks are quite broad it is not 

trivial to identify the structure of the HP polymorph, and requires further analysis, and 

perhaps single-crystal diffraction measurements.  

 We belive that an additional single-crystal XRD study may help to solve the problems 

described for both materials.  

 

Fig.1 Evolution of the XRD pattern of AlFeO3 at pressure range 17 – 80 GPa. 
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