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Report:
We attemted to form intriguing theoretically predicted high pressure Li-Be phases in a diamond anvil cell.
[1,2] The predicted phases are characterized by layers of Li and Be, from which valence electrons are
expelled to form 2D delocalized sheets of charge between the layers. The most probable phase – LiBe2 –
should be thermodynamically stable by 20 GPa and dynamically stable by 80 GPa.
A total of 7 samples were prepared from mixtures of Li metal and Be powder pressed into thin pellets and
loaded in diamond cells either between plates of NaCl or of pressed Be power, or surrounded by neon gas. In
one of the neon cells the diamonds were coated with Al2O3. In one cell we found accidental contamination
from tungsten (from the needle used for sample loading). In one cell no diffraction from Li could be detected
and the starting material was assumed contaminated. Samples were pressurized up to ~80 GPa and laser
heated at ~20 GPa or ~80 GPa. Pressure was determined from equation of state of either NaCl or neon, or
from ruby fluorescence (and in one case from rhenium equation of state when other methods failed). Some
problems identified: Li appears to react with NaCl above 15 GPa, a reaction which is accelerated by laser
heating, Be reacts with diamond to form Be2C when laser heated in contact with the anvils at high pressure ,
and Be may also react with Al2O3 to form BeO when laser heated at high pressure.
In spite of spurious chemical reactions and extreme weakness of x-ray scattering, we were able to identify (in
some of the samples), diffraction from beryllium up to 80 GPa and of lithium up to 25 GPa, and possibly 40
GPa (Figure 1). Laser heating at 20 GPa resulted in loss of lithium diffraction signal and melting and
recrystallizing of beryllium but no evidence of reaction between the metals. Complete disappearance of
lithium diffraction above 40 GPa is attributed to melting of Li near 300 K, recently reported [3].

Figure 1. Equation of state of Li and Be
together in the diamond cell prior to phase
transitions. Experimental data points are
compared to reported equation of state of Li
(Hanfland et al. [4]) and Be (Evans et al.
[5]).
The predicted Li-Be compounds could not be
detected at 40 GPa, or on further compression up
to 80 GPa. Laser heating at 80 GPa produced
new phases which are not yet understood (Figure
2), but are inconsistent with predicted Li-Be, and,
from the strength of the x-ray scattering, unlikely
to come from any Li-Be phase.
Further work should be done to eliminate all
sources of unwanted chemical reactions.
However, our results suggest that, at very least,
the pressure range over which the new Li-Be
phases can be formed was incorrectly predicted
and has not yet been reached.

Figure 2. Li-Be samples after laser-heating at ~80
GPa. Inset in each plot is a portion of the image
plate showing the distinct difference in character
of reaction products in each case. The symmetry
for the new phase in (a) was not identified. The
new phase shown in (b) is reasonably consistent
with a large unit-cell bcc lattice. The positions of
the most intense peaks for the predicted high
pressure LiBe2 and LiBe4 compounds are shown.
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