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Report:

We have carried out measurements of the nuclear inelastic scattering, respectively by iron-57 and europium-
151 in RFeAsO1-xFx (R = La and Nd) and EuFe2As2 in order to obtain the partial phonon density of states. The 
measurements were carried out at several relevant temperatures and pressures, notably, above and below the 
superconducting phase transition in the F doped compounds. Further, we have measured the nuclear forward 
scattering by iron-57 and europium-151 at selected temperatures and pressures.

These measurements were carried in the context of the recent discovery of superconductivity, at a temperature 
Tc higher than all non-copper  oxide superconductors in iron based compounds,  most notably, in fluorine-
doped RFeAsO (R = rare earth) and K-doped BaFe2As2, a discovery which has attracted extensive attention in 
the scientific community since April 2008  [1,2]. The mechanism of superconductivity, and in particular the 
role of lattice dynamics, is still unclear. Superconductivity in these compounds is believed to be mainly due to 
the structural and electronic states of the Fe-As layers, in relation with magnetic fluctuations. It  has been 
suggested that the in plane Fe phonon breathing modes are important for the superconductity[3] however it 
was rapidly shown that these Fe-As based compounds do not obey the classical electron-phonon paradigm for 
superconductivity[4]. Since our measurements, in March 2009, there was however several reports about the 
observed isotope effect on the superconducting transition temperature[5], that  clearly indicate that  next to 
magnetic excitations[6], the lattice dynamics plays an important role.

The first series of experiments was dedicated to the RFeAsO1-xFx compounds, with R = La and Nd, and x = 0 
or 0.1. All samples were 95% iron-57 enriched. Measurements of the iron phonon DOS revealed that the 
general behaviour is a simple scaling of all phonon energies, and after the proper linear scaling of the energy 
spectra at all temperatures and pressures can be superimposed; further, the phonon DOS in the F doped and 
parent  compounds  are  extremely similar.  However,  very  interestingly,  two  anomalous  behaviours  were 
observed. First,  one particular peak in the iron partial DOS, at  ~16 meV, exhibits a significant shift upon 
doping with F. Second, this particular phonon peak also exhibit a shift as a function of temperature,  with 



respect to the other phonon modes.  It must be noted that measurements similar to those reported herein were 
carried out earlier at SPRing-8[7] with however a worse energy resolution (ca. 2 meV) which prevented to 
observe the significant shifts in phonon energies that we observed here, with an energy resolution of 0.7 meV. 
We could  not  detect  any particular  modification in the  phonon  DOS of  the  F doped  compounds  upon 
undergoing the superconducting transition. Likely such effect is small, and measurements with a much better 
resolution, around 0.1 meV would be necessary to resolve these effects. Likewise, our careful investigation of 
the nuclear forward scattering around the superconducting temperature didn't either reveal any modification in 
the hyperfine interactions.

The second and third series of experiments were dedicated to the study of the iron and europium magnetism 
and lattice dynamics in EuFe2As2. The particular motivation for this study is related to the possible pressure 
induced reentrant  superconductivity in undoped EuFe2As2[8].  One sample was 95% iron-57 enriched and 
polycrystalline,  whereas  a  second  sample  was  a  natural  abundance  single  crystal.  Our  nuclear  inelastic 
scattering  measurements  revealed  a  similar  simple scaling behavior  as  in  RFeAsO1-xFx,  with  however  a 
significant anisotropy of one particular iron phonon mode, at ~15 meV, as revealed by scattering on a single 
crystal with the incident beam in- and out-of- the a-b plane. Further interesting results are, first, the absence of 
coupling between the rare-earth and the iron magnetic sublattices: the nuclear forward scattering by iron-57 
around the Eu ordering temperature indicates no modification in the iron hyperfine field, see Figure 1. Second, 
despite a detailed investigation of the pressure/temperature range in which reentrant superconductivity was 
proposed (P>2.5 Gpa and T~25-30 K) we could not find the signature of such a transition: we observe the 
expected  gradual suppression of the iron magnetism as a  function of pressure,  evidenced by the  gradual 
decrease of the spin-density-wave transition, but we did not observe any modification of the magnetically split 
hyperfine iron spectrum upon entering the supposed superconducting phase. We conclude that either no real 
bulk superconductivity occurs, or, that the iron hyperfine field is not expelled in such phase.

In  summary,  high-resolution  nuclear  inelastic  scattering  appears  to  be  a  highly important  technique  for 
resolving subtle phonon behaviour in the Fe based superconductors, in particular because in contrast to the 
equally well resolved Raman spectroscopy,  it  is not  restricted to  the   point,  and because in contrast  to 
inelastic neutron scattering, that suffers from overlapping Fe and As phonon modes, the element specificity is 
warranted. In this light, improving the resolution of the nuclear inelastic monochromators for iron-57 appears 
to be vital.
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