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Report:

The alkali group elements are considered as tektm@mples of free-electron metals
because of the single s electron in the valencal.bBiowever, when these metals are
subjected to compression these simple systems ieximbxpected complexity. One of the
interesting point is the large number of extrenw&ynplex crystal structures at high pressure.
Indeed, in the case of Na one of these structuatams more than 500 atoms in the unit
cell¥l. This could be correlated with the astonishingdwétr of the melting temperature
pressure dependence. For Li, at pressure betweamd@0GPa the melting line is below
room temperature; and for Na this region is reducech 116 to 120GPa just above room
temperature. The complex phase diagrams of thesgl&' metals suggests extraordinary
liquid states at extreme conditions and has impboa for other "simple" metals.
Previously, a possible link between the maximurth@amelting line and liquid—liquid phase
transition (LLPT) was suggestéd Also, changes in the short-range order of molenat
high pressure have been correlated to the corréappiolid phase transitions. We intended
to explore the P-T diagram (200K<T<300K) of theadilknetal samples following isochoric
paths in order to obtain quantitative structuredgaadial distribution function and density
of liquid alkali metals up to 120 GPa by angulaspdirsive X ray diffraction (ADXRD).
These unique high pressure and low temperaturaestudhply the use of a synchrotron
source able to provide focused high brilliant atabke beam with the additionally cryogenic
and multichannel collimator facilities.

Experimental method
Three membrane diamond anvil cells were equippdd diamond anvils with culet size

ranging from 60Am of 75um for this experiment. The cells were loaded witidi@m in the



glove box available in the ESRF Chemistry lab. Weoduced a small grain of KBr to be
able to determine the presstiteThe excellent conditions of the glove box (extremelwlo

values of oxygen and water in the glove box) asbuwlean loaded samples for the
experiment. We performed angular dispersive X-rffyagttion with a monochromatic beam
of energy E = 33 keV at the ID27 beamline. The X-d#fraction images were collected
with an on-line image plate detector (MARCCD). Heam was focussed down to 41,

At the beginning of the experiment an importantodffiwas dedicated to minimize the
“parasitic” diffuse scattering that reached theed&r and polluted the signal from the
sample. We aligned the multichannel collimator avel assured (using a cell with liquid
Argon at 1GPa) that the measured total scatteigngabwas consistent with the published
data. This procedure was established as a protimolthe next diffuse scattering

experiments.

Results

In the second cell equipped with @00 culet size diamonds and an external heater we wer
able to increase pressure up to 1GPa at room temoper(Na in the solid phase), then start
heating at constant pressure up to 250C (Na ihdh&l phase) and finally increase pressure
again up to 10GPa. We followed extremely careftitlg liquid-solid transition in order to
determine if there is a density jump across thesiten. In figure 1 we present the obtained
total diffuse scattering signal of Sodium at 1GRd 200C.

A third cell was prepared with @ culet diamonds, loaded with a grain of KBr assptge
marker and Rhenium gasket. It is important to ntenthat in this loading the hole where the
sample was located has approximatelyr80 In this case, we increased pressure up to
100GPa to reach the region where the melting lia® dn negative slope and we increased
temperature to melt the sample. The diamonds waieted with a thin Rhenium layer (less
than 10@um) that has diffraction peaks in the same Q ranigerg/the diffuse scattering from
the Sodium is expected so we were not able to theteny signal from the liquid.

We also developed some independent tests on otjued klkaline metals, noble gases and
sulfur to show the feasibility of the method.
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