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Introduction 

Gillespite, a rare mineral with the composition BaFeSi4O10 [1] is noted for incorporating high-spin iron sites with a square-planar coordination environment. Interestingly, this mineral also exhibits an unusual, reversible structural transition with color change at high pressure. In this work, gillespite was synthesized using solid state, melt-flux, and hydrothermal methods. In addition, we have taken advantage of the layered nature of the material to exfoliate BaFeSi4O10 into nanosheets that have mono-to-few layer thickness and lateral dimensions of hundreds of nanometers to microns. Samples of a gillespite analogue with Fe2+ substituted by Cr2+ were also prepared. 
Experimental 
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The HFEPR spectra of powder samples were recorded on the transmission instrument of the EMR facility at temperatures 3 K – RT and frequencies 24 to 640 GHz. The maximum magnetic field reached was 14.9 T. Mössbauer spectra of the Fe2+ - containing gillespite were also recorded.
Results and Discussion
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The quintet (S = 2) spectra of the d4 Cr2+ and d6 Fe2+ ions were interpreted in terms of the spin Hamiltonian

                                                                                                  [1] 


In both cases of Cr2+ and Fe2+ containing gillespite, the HFEPR spectra revealed presence of a limited number of similar metal sites exhibiting different spin Hamiltonian parameters. Contrary to common experience in such cases, no broad-line spectra were observed but rather each species produced its distinguishable spectrum. Interestingly, the field- and temperature-dependent Mössbauer spectra of the Fe compound, exhibit an unusually small quadrupole splitting which can be ultimately correlated with a dz2 ground state. The major features observed over a broad range of microwave frequencies in BaCrSi4O10 could be described by gx = gy = 2.00, gz = 1.96, D = (1.98 cm(1, E = 0, B40 = 0.001 cm(1. The synthetic Fe-containing BaFeSi4O10 exhibited HFEPR spectra remarkably similar to the natural gillespite. The multiple iron species appear to differ mainly in the spin Hamiltonian parameter E.
Conclusions

The spectroscopic investigation of iron and chromium – containing gillespite allowed us to determine the magnetic properties and electronic structure of the incorporated 3d-metal sites. 
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Fig.1 EPR spectra of BaCrSi4O10 and BaFeSi4O10 recorded at indicated conditions. Multiple metal sites are seen in each case.





Fig.2 Temperature-dependent 57Fe Mössbauer spectra recorded for a synthetic, flux-melt gillespite sample. 








