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Report:

A piece of >'Fe was placed inside a 60 um hole in a Re gasket, preindented to the thickness of 22 um.
The sample chamber was loaded with nitrogen, which served as a pressure-transmitting medium. We used
BX90 diamond anvil cells equipped with Boehler-Almax type diamonds (culet diameter of 120 pum). The
double-sided laser-heating systems of the beamlines ID18 and 1D27 of ESRF were used to heat the sample at

the three pressure points: 60, 106 and 130 GPa.

Whereas the starting material, a polycrystalline iron foil, gives characteristic Debye-Scherer rings in
the diffraction pattern, after the laser-heating in solidified nitrogen, we clearly observed well defined, sharp
diffraction spots from multiple grains of new high-pressure high-temperature phases (Figure 1). We were able
to identify the diffraction spots belonging to certain domains, find their orientation matrices, refine the unit
cell parameters, and solve structures of the new phases against single-crystal diffraction data.




Heating at 60 GPa resulted in the formation of novel iron nitrides FeN and FeN: (Figure 2 a,b). FeN
has B8-structure type, while FeN2 has the marcasite structure type (space group Pnnm).

Heating at higher pressures (106 and 130 GPa) resulted in the appearance of nitrogen-rich nitride
FeNs. Accurately determined atomic coordinates and interatomic distances allowed us to unambiguously
identify the bonding type within the nitrogen chains and show that FeN4 contains poly-[tetraz-1-ene-1,4-diyl]
anions in its structure (Figure 2c). FeNs is the first experimentally obtained and unambigously characterized
nitride containing such polymeric nitrogen chains.
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Figure 1. Example of the observation of phase transformation in Fe-N system during the laser-heating. Left side
of the image — non-heated sample. Right-side of the image taken after the laser-heating.
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Figure 2. Crystal structures of FeN (a), FeN2 (b) and FeN4 (c). Blue balls show the position of nitrogen atoms, orange
balls — iron atoms.



