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Report: 
The new method of synchrotron Mossbauer spectroscopy made it possible to perform very fine high pressure 

experiments at low temperatures with the iron-containing langasite family crystals which are now considered 

as a new class of promising multiferroics. The high pressure properties of a new multiferroic of the langasite 

family Ba3TaFe3Si2O14 were investigated in diamond-anvil cells (DAC) in the temperature range of 4.2–295 

K by a new method of synchrotron Mossbauer spectroscopy. The measurements were performed at the 

Nuclear Resonance beamline ID18 at the European Synchrotron Radiation Facility (ESRF) in Grenoble, 

France. Mössbauer spectra for Ba3TaFe3Si2O14 were measured using Synchrotron Mössbauer Source (SMS). 

The high pressures up to 30 GPa were created in DACs, and helium was used as the best quasihydrostatic 

pressure-transmitting medium.  

  Strong enhancement of the Neel temperature TN was observed at pressures above 20 GPa associated 

with the structural transformation. The highest value of TN is about 130 K which is almost five times larger 

than the value at ambient pressure (about 27 K). Strong enhancement of the Neel temperature TN revealed at 

high pressures is obviously associated with the structural transition at 20 GPa observed previously in our 

XRD studies. It was suggested that the high value of TN appears due to redistribution of Fe ions over 3f and 

2d tetrahedral sites of the langasite structure. In this case, the short Fe-O distances and favorable Fe-O-Fe 

bond angles create conditions for strong superexchange interactions between iron ions, and effective two-

dimensional (2D) magnetic ordering appears in the (ab) plane. The separation of the sample into two 

magnetic phases with different TN values of about 50 and 130 K was revealed, which can be explained by the 

strong two dimensional 2D magnetic ordering in the (ab) plane and 3D ordering involving inter-plane 

interaction.  
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Figure 1. Temperature dependences of areas of magnetic (blue points) components in the Mössbauer spectra of Ba3TaFe3Si2O14 at 

different pressures below and above the structural transition at P =20 GPa 

 
Figure 2. (a) Temperature dependences of the average values of magnetic hyperfine field <Hhf > at iron nuclei in the magnetic 

fraction of langasite Ba3TaFe3Si2O14 estimated from Mössbauer spectra at different pressures before and after the structural 

transition at 20 GPa. Inset shows the <Hhf >(T) dependences at P < 20 GPa in an enlarge scale; (b) is the magnetic P-T phase 

diagram of langasite Ba3TaFe3Si2O14. 
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