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Dynamic Properties of Liquid Metals
—Inelastic X-ray Scattering Experiments at ESRF—
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Recent development of the inelastic x-ray scattering technique at ESRF, France delivers us a wide oppor-
tunity to investigate dynamic properties of materials. In this article, some advantages of the inelastic x-ray
scattering method are shown compared with inelastic neutron scattering measurements. The intelligent tech:
nique of the spectrometers at the beamline ID16 and ID28 at ESRF is reviewed: Then our recent experimen-
tal results for the dynamics of liquid metals (Na and Ge) using these spectrometers are reported with sever-

- al interesting anomalies of phonon dispersion relations and diffusions. Finally the future of this technique

and its applications are discussed.
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Photograph of ESRF in Grenoble, France.
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Figure 2." Schematic diagram of tne process of inelastic neutron
scattering. For details see text.
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Figure 3. Kinetic region of the inelastic neutron scattering spec-
trometer IN6 (E,=4.75meV) at ILL in Grenoble, France (solid
lines). The possible region of the measurements using another spec-
trometer (E,=33.0 meV) at Argonne, US, locates at the right-hand
side of dashed line. Full and empty circles indicate the experimental-
ly obtained dispersion relations of phonons in liquid Rb» and Li®,
respectively.
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Table 1. The incoherent, coherent, and absorption cross-sections
of several elements or isotopes for which neutron scattering experi-
ments are hardly carried out. Upper column; high neutron absorp-
tions, lower column; high incoherent contributions
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Figure 4. Schematic view of an inelastic x-ray scattering spectrom-
eter at ID16 in ESRF.

Figure 5. Photograph of the author working around the center of
the goniometer at ID28.

Figure 6. Photograph of the long arm of the goniometer at ID28.
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Figure 7. Two-dimensionally focused analyzer crystal for the
energy analysis in the ID16 spectrometer.
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Figure 8. (a) Temperatures of the analyzer crystal vs. the
monochromator crystal. (b) Normalized scattering intensity as a
function of temperature of the monochromator crystal.
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Figure 9. Development of the resolution of several inelastic x-ray
spectrometers.
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Figure 10. Selected inelastic x-ray scattering spectra. Circles indi-
cate the experimental data, and solid lines denote best-fit convolu-
tions of the enhanced hydrodynamic modes (EHM) model function
with the resolution function (dashed line).
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Figure 11. Dispersion relation of phonons in liquid Na at 115°C.

Full circles; the present experimental data, diamonds; results of a
molecular-dynamics simulation using an effective pair potential cal-
culated by a psudopotentiol theory'®), triangles; results of a molecu-
lar-dynamics simulation using a modified Car-Parrinello method!®).
Solid line shows the slope expected by sound velocity!¥.
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Figure 12. Temperature dependence of the phonon dispersion rela-
tions. Solid line shows the slope expected by sound velocity!®.
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Figure 13. Inelastic x-ray scattering intensity at Q=13 nm~!. Cir-
cles indicate the experimental data, and solid lines denote best-fit
convolutions of the EHM model function with the resolution func-
tion (dashed line).
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Figure 14. The Q dependence of the width z, of the central Ray-
leigh peak together with S(Q) (open circles) at 980°C. Solid line in-
dicates the results of equation (4).
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Figure 15.

Photograph of a very old building of Philipps Universi-
ty of Marburg, Germany.
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