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Report: This beamtime was actually devoted to "Phonon spectroscopy on oriented hcp iron at
high pressures and temperatures”. It turned out, however, that the envisaged pressure
experiments in the Mbar range with 0.5 meV energy resolution (instead of 3 meV as in our
proposal HS-2083) were extremely time consuming (with estimated two NFS spectra in the whole
18 shifts). In addition, we had, no access to the XRD facilities of the high-pressure beamline ID30
(due to the closing of this beamline and rebuilt at ID 27). XRD analysis was essential to analyse
the degree of texture in the hcp iron samples. So we changed, in agreement with the beamline
scientists, to our proposal "Lattice dynamics in Fez;Ptyg Invar alloys as function of temperature
and pressure”, which got a high ranking from the HS committee.

This proposal was based on previous successful investigations of the lattice dynamics in the
classical Invar system FegsNiss as function of pressure and temperature by >’Fe-nuclear inelastic
scattering (NIS) of SR [1, 2, reports on HS-1614, HS-1765]. An exploratory NIS study of ordered
Fez,Pt,s Invar as a function of temperature (see proposal HE-1807) provided the phonon
densities-of-states (DOS) at the Fe sites. Due to the spectral resolution of 3 meV, we could not
resolve the structures of the phonon-DOS in the energy range below 10 meV, where the TA;[110]
phonon mode is located, which is strongly correlated with the Invar properties, e.g. the anomalous
small thermal expansion, even negative for ordered and disordered Fe7,Ptys [3].

We measured at beamline ID18 the phonon spectra of ordered and disordered Fez;Ptg Invar
alloys in the temperature range from 20 K up to 550 K with the best possible energy resolution of
actually 0.45 meV. For the low and high temperature measurements the samples were placed in a
He flow cryostat and in a vacuum oven, respectively. The magnetic properties of the samples
(enriched with 30% of >’Fe) as function of temperature and pressure were previously studied with
conventional >’Fe-Mdssbauer spectroscopy [4]. First of all, we observe characteristic differences
between the ordered (near to CuszAu structure) and disordered (random fcc structure). As
expected the phonon-modes are better resolved in ordered Fe7,Ptyg, €.9. peaked structures of the
optical modes around 16 - 32 meV, and exhibit a stronger variation of the properties in the low-
energy range below 10 meV. Secondly, we observe for both systems a very unusual and contrary
temperature variation of the DOS, an increase of the low-energy modes and a decrease of the
high-energy modes with rising the temperature (see Fig. 1).

We analysed the DOS spectra in the same way as done for FegsNiss [1, 2]. From integrating
over the whole DOS, the so-called high-temperature Debye temperatures ®pyr were derived.




From the initial slope of the phonon DOS the mean sound velocities vp were obtained, which are
proportional to the low-temperature Debye temperature ®p 1. The temperature dependence of
Opur and Op.7 is shown in Fig. 2 (top). While ®pur remains almost constant over the
temperature range investigated (which can be attributed the negligible thermal expansion), Op 1
increases strongly with temperature up to the respective magnetic ordering temperatures, T =
380 K for disordered and T, = 510 K for ordered Fe;;Pt;s. One should also note that ®p 1 is
always smaller than ®p 4t even above the magnetic ordering temperature, a behavior opposite to
that of normal d-metals, but characteristic for Invar systems as observed by us for FegsNiss [1,2].
We expect, similar to the case of FegsNiss, that @p r will surpass ®pnr by the application of
pressure, when the magnetic properties change from high-spin to low-spin behaviour [1,2] .

The mean sound velocity vp, which represents in the Debye model by 1/vp® = 1/v2® + 2/v¢ an
average of the longitudinal and transversal sound velocities, is also shown in Fig. 2 (bottom). The
temperature dependence of vp and of ®p 1 nicely reflects the anomalous behavior of the TA;[110]
mode as well as the transversal sound velocity in [110] direction [3].
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Fig 1. Partial phonon density of states for ordered and disordered Fe;,Pt,g Invar at different temperatures.
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Fig 2. High temperature and low temperature Debye temperature and mean sound velocity of ordered and
disordered Fe;,Ptyg Invar as function of temperature.
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