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SESAME EQUATION OF STATE NUMBER 2293, Li

by

J. C. Boettger

ABSTRACT

A new equation of state (EOS) for Li has been constructed and placed on the SESAME
library as material number 2293. This new equation of' state uses a cold curve obtained via

electronic band structure calculations using the linear-muffin-tin-orbitals (LMTO) technique.

Recently, it was shown that the zero-temperature isotherm for crystalline Li exhibits a

substantial shell structure effect due to a reordering of the 2s and 2p bands under pressure.!
This shell structure effect does not appear in any of the current EOS’s for Li on the SESAME
library (material numbers 2290, 2291, and 2292). Since the EOS’s for materials such as LiD
may be formed by mixing the EOS’s of their constituents,? it is important to have a high
quality EOS for Li on the SESAME library. To this end we have produced a new EOS for Li
which uses a cold curve in the compressed region obtained via electronic band structure cal-
culations using the LMTO technique.? This EOS exhibits the desired shell structure effect in
the cold curve and has been added to the SESAME library as material number 2293.

In the SESAME library, EOS’s are partitioned into three terms for the pressure P and the

internal energy E:



P(p,.T)=Pc(p)+Palp,T)+P.(p.T) 1)

E(P,T)=E.(p)+Ea(p.T)+E.(p.T) 2)

where p is the density and T is the temperature. The subscripts ¢, n, and e denote the contri-
butions due to the cold curve (zero temperature isotherm), the nuclear motion, and the ther-
mal electronic excitations. It is thus possible to treat each term independently using any
desired model.

The nuclear and thermal electronic parts of 2293 were calculated with the program
GRIZZLY,* using the CHART-JD® model for thé nuclear term and the TFD model® for the
thermal electronic term. In this part of the calculation six items of empirical input are
required: the atomic mass (6.941), the reference density (0.5331 gm/cc),8 the Debye tem-
perature (400 K),? the reference Gruneisen constant (0.88),® the cohesive energy (23.1
MJ/kg),9 and the melting temperature (454 K).?

For compressions ranging from 0.9 to 20000, the cold curve was calculated via LMTO
band structure calculations using the Kohn-Sham-Gasparlo local density approximation to the
exchange-correlation. In these calculations, the crystal structure was assumed to be fcc. (The
band structure calculations will be described in greater detail elsewhere.)!! The resulting first
principles cold curve was then adjusted empirically to ensure that the total pressure would be
zero at room temperature for p = 0.5331 gm/cc. To achieve this, the pressures were uniformly
.shifted by -4.52 kbar and the energies were adjusted in a thermodynamically self-consistent
manner by integration of the pressure correction. The cold curve in the expanded region was
obtained from GRIZZLY by matching a Lennard-Jones type tail onto the compressed cold
curve.* The parameter FACLJ (used by GRIZZLY to determine the exact shape of the tail)

was adjusted to produce a critical temperature of about 3600 K (in rough agreement with

material number 2291).



For comparative purposes, the most interesting of the earlier EOS’s for Li in the SESAME
library is material number 2292. That EOS was entirely calculated with GRIZZLY and uses
the same nuclear and electronic models as 2293.'? The only substantive difference between
2292 and 2293 is in the compressed cold curve, which was computed for 2292 using the
CHUG model in GRIZZLY. In that model, the compressed cold curve is required to match
any available Hugoniot data'® and smoothly merge with a TFD cold curve in the large den-
sity limit. The advantage of this approach is that it ensures a good result along the principal
Hugoniot, which is not necessarily true for 'other cold curve models.

In Fig.1, the room temperature isotherms for 2292 and 2293 are compared with experi-
mental data.' It should be noted that there is a phase transition from the bec structure to the
fcc structure at a compression of 1.40.!4 This transition is not accounted for by either of the
theoretical EOS’s. However, the volume discontinuity at the transition is quite small'* and
the transition should be of little importance for this work. The apparent relatively large
discontinuity in the pressure data shown in Fig.1 is most likely due to a buildup of strain in
the sample as the transition is approached since no fluid medium was used in the experi-
ment.'> Immediately after the transition, the sample would once again be in hydrostatic
equilibrium. For this reason, we feel that the data point at a compression of just over 1.3
should be ignored in our analysis.

In Fig.2, the principal Hugoniots for 2292 and 2293 are compared with LASL Hugoniot
data.'® Once again there is a phase transition within the range of the data. Here the melt tran-
sition occurs at a compression of about 1.3.! As in the case of the crystallographic phase

transition discussed earlier, the melt transition is not accounted for by either of the theoretical

EOS’s.

Inspection of Figs. 1 and 2 reveals that 2293 is in slightly better agreement with experi-



ment except in the compression range from about 1.3 to about 1.65 (50 kbar < P < 150 kbar).
In that range the pressures from 2293 are too large by no more than 5%. For both the room
temperature isotherm and the Hugoniot, there would appear to be a lowering of the pressure
in that range due to some effect which is not accounted for in the calculations. It is intriguing
that this range of compressions is correlated with both the melt transition on the Hugoniot
and the bcee to fee transition on the room temperature isotherm. However, more work would
be necessary to reveal whether or not these effects are actually related.

In Fig.3, the two EOS’s are again compared with the LASL Hugoniot data (here in terms

of the shock velocity U; vs. the particle velocity U, ). In addition, the experimental adiabatic

butk sound speed"‘ is given (solid circle) as the U, = 0 limit of U,. Again we see that 2293 is
in slightly better agreement with experiment except for the three points which lie within the
above noted compression range. (Here that range roughly corresponds to 1.5 < U, < 3.5
km/s.)

All of these experimental data taken together suggest that 2293 is in as good (if not better)
agreement with the experiment as is 2292 for compressions up to 2.0. For higher compres-
sions, the quality of the band structure calculations should steadily improve since the local-
density approximation becomes more realistic as the density becomes more uniform. In con-
trast, the cold curve for 2292 beyond a compression of 2.0 is simply based on an interpolation
formula which goes to the correct ultrahigh compression limit (TFD). It is also at these higher
compressions that the shell structure begins to play a significant role.

In Fig.4, the room temperature isotherms for 2292 and 2293 are compared up to a
compression of 10. Over this range of compressions the shell structure effect due to the reord-
ering of the 2s and 2p states is evident in 2293. To exhibit this effect over an even greater
range of compressions, Fig.5 shows the fractional deviation of the room temperature isoth-

erms for 2293 and 2292 (P(2293)/P(2292) - 1). The relatively large deviation at normal



density is purely a result of a slight mismatch between the two zeros of pressure. It is clear
that the shell structure is a significant effect throughout the range 3 < p/po < 200. At its
greatest, this effect accounts for over 15% of the total pressure. For compressions greater than
200 (even beyond the range of Fig.5), the two isotherms agree to within the limits of preci-
sion for the two calculations. This is not surprising since the TFD cold curve is the ultrahigh
compression limit for the band structure calculations.

In conclusion, it has been shown that material number 2293 in the SESAME library is in
good agreement with existing experimental data (other than neglecting phase transitions).
This new EOS also incorporates a major shell structure effect in the cold curve which is not
accounted for in any previous SESAME EOS for Li. For this reason, 2293 should be viewed

as the preferred EOS for calculations involving Li.
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