The iron-based superconductor Nd(O0.88F0.12)FeAs under high pressure:
In situ synchrotron x-ray diffraction study
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Very recently, La(O1-xFx)FeAs (x=0.05-0.12) was found to be an electron-doped superconductor with the transition temperature Tc at about 26 K, by doping with F ions at O-site in LaOFeAs.1 Substituting other small-radius lanthanide ions for La ions in La(O1-xFx)FeAs evidently increases the Tc.2-4 It was reported the Tc is about 55 K for Sm(O0.9F0.1)FeAs,3 which clearly shows the chemical inner pressure effect on the superconducting property. All these compounds adopt the ZrCuSiAs type structure with the space group P4/nmm. The Tc of F-doped LaOFeAs was reported to increase with pressure and reach a maximum of about 43 K at 4 GPa, obtained from electrical resistance measurements under high pressure.5 It is important to understand the structural evolution of these new iron-based superconductors under pressure. Among these new iron-based superconductors, Nd(O1-xFx)FeAs is a good candidate for this study since it is a sister compound with La(O1-xFx)FeAs, and crystallizes into the similar structure with a larger Tc of near 50 K at x=0.12.4 In this report, we present the discovery of pressure-induced structural transition on this iron-based superconductor by using diamond anvil cell technique combined in situ angle-dispersive synchrotron x-ray diffraction technique.
The unit cell parameters and volume are calculated as shown in Figure 1. An isostructural phase transition happens at about 10 GPa, and then it completely transforms to a high-pressure tetragonal (HPT) structure with a lager a-axis and smaller c-axis at 13.5 GPa, from the primary low-pressure tetragonal (LPT) structure below 9.9 GPa. We obtained the ambient pressure isothermal bulk modulus B0=102(2) and 245(9) GPa for the LPT phase and HPT phase, respectively. Figure 2a and 2b show the pressure dependences of selected bond distances and angles. For the Fe2As2 layer, the pressure dependences of Fe−As distance and As−Fe−As angle of the HPT phase are contrary to those of the LPT phase. For the Nd2(O, F)2 layer, however, the relationships of Nd−(O, F) distance and Nd−(O, F)−Nd angle versus pressure of the HPT phase are similar with those of the LPT phase. In the Fe2As2 layer, Fe and As ions could constitute a FeAs4 tetrahedron because of the smaller ionic radius of Fe comparing with As. At ambient pressure, FeAs4 tetrahedron is close to an ideal one with the As−Fe−As angle 110.5(1)º. According to the As−Fe−As angle evolution with pressure, the distorted degree of FeAs4 tetrahedron is increasing below 13.5 GPa, and then is decreasing under higher pressure. When the pressure is larger than 13.5 GPa, the Fe−As distance enlarges with pressure in order to reduce the distorted degree of FeAs4 tetrahedron for the HPT phase, in which the As−Fe−As angle drops to 112.2(4)º at 17.7 GPa from the value of 116.0(4)º at 13.5 GPa. Nd ions would rather have eight ligands including four (O, F) and four As ions, which forms a distorted double tetraprism, with a large Nd−As distance. The different coordination types from different ionic types contribute to the dissimilar compression behavior between the Fe2As2 and Nd2(O, F)2 layers.
Upon compression, a relative displacement increasing between Nd and As ions was observed in Nd(O0.88F0.12)FeAs due to the mismatch of the two ions and the interspace between Fe2As2 layer and Nd2(O, F)2 layer. This is a plausible reason for the isostructural phase transition at about 10 GPa and the enlargement of FeAs4 tetrahedron for the HPT phase. Based on the reported positive pressure dependence of Tc in F-doped LaOFeAs case,5 the different microstructural evolution trend of LPT and HPT phase of Nd(O0.88F0.12)FeAs under compression found in this communication implies that Tc of Nd(O0.88F0.12)FeAs will reach its maximum before phase transition at about 10 GPa, and then will have a negative pressure dependence for HPT phase. 

In summary, the first time discovery of the isostructural phase transition in iron-based superconductor Nd(O0.88F0.12)FeAs under high pressure was reported. Notably, this kind of phase transition may be more common in these iron-based superconductors. Moreover, the results of atomic structure evolution upon compression for low pressure phase provide the essential structure information for the origin of the positive pressure dependence of its Tc. Finally, the new high pressure phase found in this work could have a negative pressure dependence of its Tc, which offers the new hint to design and synthesize other element doping superconducting systems with reversal ‘chemical internal pressure effect’ similar to this system.
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