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Report: 

 

Previously, we have shown that below the Verwey transition [1], magnetite (Fe3O4) adopts a 

complex arrangement of cooperative ‘trimeron’ distortion, in addition to charge- and orbital-

ordering. [2] Previous powder diffraction results in diamond anvil cells had shown that this 

monoclinic-to-cubic transition is suppressed at higher pressures, above ~ 6 GPa (figure 1).[3] 

 

The aim of this experiment was to investigate the evolution of the structural distortions under 

pressure and temperature, using single crystal diffraction. Based on our experience of 

measuring the transition at ambient pressure (experiment HE3133 and [2]) it was apparent 

that this experiment would present considerable technical difficulties, due to both the limited 

rotation of the diamond cell (resulting in incomplete data sets) and significant twinning 

occurring during the transition. 

 

During the experiment, three different crystals were loaded and measured under a range of 

temperatures and pressure. The first proved unsuitable for further data collections due to 

poor data quality on cooling through the Verwey transition. A wide range of 

pressure/temperature points were collected for the other two crystals; the first (crystal 1) was 

measured on cooling to 90 K, before increasing pressure in ~0.5 GPa increments to a 

maximum of 7.5 GPa. For comparison, pressure was applied to the final crystal (crystal 2) at 

a temperature above the transition (150 K) up to a maximum of ~5.5 GPa, before cooling 

through the transition. Once at 90 K, the pressure was again increased to 7.5 GPa. At all 



 

temperature/pressure points, data were collected with a range of X-ray fluxes to capture both 

strong and weak reflections. 

 

Initial results from the diffraction data closely agree with the phase diagram generated from 

powder diffraction data; crystal 1 shows the expected transition from cubic to monoclinic 

symmetry on cooling below ~120 K (figures 2 and 3), followed by a transition back to cubic 

symmetry at pressures above ~6.5 GPa. Crystal 2 shows supression of the transition 

temperature with pressure, 90 K < Tv < 110 K at 5.5 GPa. This crystal also shows a transition 

from monoclinic back to cubic symmetry between 5.6 GPa and 7.5 GPa at 90 K. 

 

Currently, the significant crystal twinning present below the transition have prevented a full 

refinement of the crystal structure from these data. Work to simplify the structural model is 

on-going in order to make full use of the limited data, as are methods to systematically reject 

anomalous intensities. 

 

 
 

Figure 1: P-T diagram showing variation of Verwey transition temperature with pressure, 

from [3]. Our results confirm this analysis, adding additional data points. 

Figure 2: Diffraction plane from crystal 1 at  showing cubic symmetry. 

Figure 3: Diffraction plane from crystal 1 at 90 K, clearly showing the development of 

monoclinic superstructure peaks. 
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