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I. VIBRATIONAL PARAMETERS OF BERYLLIUM
A. hcp Beryllium

The vibrational parameters of hep beryllium are explicitly expressed by [S1, S2]
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Note that the nearest neighbor distance R; is linked to the atomic volume V via

R = (V\@)% . (S9)
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B. bcc Beryllium

For bee beryllium, we have [S1, S2]
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Here, v1, @2, v3, @4, and @5 are written by
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The relation between the nearest neighbor distance R; and the atomic volume V in the bcc phase is

R, = (mv> ) . (S19)

II. EFFECTIVENESS OF MODIFIED WHEP MODEL

Thanks to state-of-the-art DAC and SW techniques, physicists have come very close to the actual high-pressure
melting curve of bee tantalum [S3], hep iron [S4], and B1 magnesium oxide [S5]. Accordingly, we utilize these systems



Material Structure Bonding By (GPa) B} Twm(0) (K) Reference
Tantalum bee Metallic 194 3.524 3293 [S6, S9]
Iron hep Metallic 177.7 5.64 1608 [S7, S10]
Magnesium Oxide B1 Tonic 162.5 4.1 3250 [S8, S11]

TABLE S1: Input data for the modified WHEP model in the case of bce tantalum, hep iron, and Bl magnesium oxide.

to demonstrate the quality of the modified WHEP model (Equation (23)). Their EOS parameters are extracted
from cutting-edge ramp-wave experiments [S6—S8] to avoid the great uncertainty caused by long EOS extrapolations.
Detailed information about By, B{, and Ty, (0) is presented in Table S1 [S6—S11].

Figure S1 shows our theoretical calculations for the melting properties of bee tantalum, hep iron, and B1 magnesium
oxide. Even though the selected materials have different crystalline structures and interatomic interactions, Equation
(23) still works remarkably well. Our melting lines pass through most high-quality experimental points within the
acceptable error range [S12—S23]. In particular, the consistency between WHEP analyses and DAC/SW measurements
[S16—S19] for iron is maintained up to 1000 GPa, far beyond the Murnaghan limit (Pyp,, ~ 355 GPa). Note that we
only use a single reference melting point for each material to achieve the above concurrences. These results confirm
the accuracy and flexibility of our modified WHEP model.

III. INVALIDITY OF THE LINDEMANN LAW AND THE BURAKOVSKY-PRESTON-SILBAR
THEORY FOR BERYLLIUM

For decades, the high-pressure melting behaviors of metals have been investigated by applying the well-known
Lindemann law [S24] and the Burakovsky-Preston-Silbar (BPS) theory [S25]. According to Lindemann’s physical
picture [S24], the melting process is associated with the vibrational instability of the solid phase via
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Meanwhile, from the BPS point of view [S25], the melting transition is strongly promoted by the proliferation of
dislocation defects as
uV
TIl’l

= ApBs, (S21)

where p is the shear modulus. For a given metallic substance, the Lindemann parameter \;, and the BPS parameter
Apps are supposed to be unchanged along the melting line [S24, S25].

Figure S2 shows our numerical results for A, and Agpg along the SMM-WHEP solid-liquid boundary of beryllium. It
is conspicuous that these parameters cannot remain constant during compression. Whereas Ar, (P, Tm)/AL(0, T (0))
grows significantly to 2.63 at 500 GPa, Agps (P, Tm)/Asps(0, Tm(0)) decreases sharply to 0.37 at the same condition.
These dramatic changes affirm that the Lindemann law [S24] and the BPS theory [S25] are inadequate to capture
the melting characteristics of beryllium at the quantitative level. Our conclusion is in line with the newest DFT
simulations of Wu et al. [S26].
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FIG. S1: (Color online) The melting boundary of bee tantalum, hep iron, and B1 magnesium oxide determined by our WHEP
calculations and recent DAC/SW experiments [S12—S23].
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FIG. S2: (Color online) The variation of Lindemann and BPS parameters along the SMM-WHEP melting curve of beryllium.
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