
Assoc�ate D�rectorate for Theory, S�mulat�on, and Computat�on (ADTSC)

Atom�c and Molecular Theory and Model�ng

FTDFT calculation for a set configuration 
of atoms, and 2) movement of the nuclei 
according to the force determined. At a 
selected set of time steps, we perform 
calculations of the electrical conductivity. 
From this basic quantity, all other optical 
properties derive such as frequency-
dependent absorption coefficients, 
indices of refraction, and reflectivities. By 
inte-grating the inverse of the absorption 
coefficient over the derivative of the 
Planck distribution, we produce the 
Rosseland Mean Opacity kR.

For the study of the opacities of mixtures, 
we have employed two levels of QMD 
calculations. In the first (QMD-mixture) 
we treat the entire composite as one 
system, allowing a complete intermixing 
of all the species. This gives the best 
possible value of the optical properties 
and forms the benchmark against 
which other schemes are judged. In the 
second procedure (QMD-species), we 
separately treat by QMD each of the pure 
species forming the mixture at the same 
temperature and appropriate number 
density. We then add the individual 
absorption coefficients and perform the 
integration over the Planck function to 
give a “mixed” opacity. This will serve 
as a best-case example for a mixing 
scheme based on combining the results 
of pure species calculations. Mixed 
opacities based on atomic results involve 
additional approximations.

As an example, we treat a LiH sample 
with equal fractions of the two species. 
In Fig. 1, we present a snapshot from the 
MD simulation that shows the complex 
intermingling of the species under 
conditions of high density (1.57 g/cm3) 
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Opacities play a crucial 
role in characterizing a 
diverse set of phenomena 
including nuclear weapons, 

astrophysical objects, and laser 
plasmas. The associated environments 
generally consist of a mixture of 
species. Therefore, accurate mixture 
opacities become vital ingredients to 
many macroscopic modeling efforts, 
especially radiation-hydrodynamics. 
Most composite opacities employed 
in such models are determined from 
combination prescriptions based on 
independent atomic optical data. Such 
mixing rules ignore basic inter-atomic 
processes, which become especially 
important in the warm, dense matter 
regime. To examine the importance of 
such processes, we have systematically 
studied mixture opacities under a set 
of varying approximations from a fully 
quantum mechanical treatment of the 
mixture to simple atomic addition rules. 

We determine the basic characteristics of 
the dense fluid (plasma) by quantum 
molecular dynamics (QMD) simulations, 
which provide a consistent set of static 
(equation-of-state), dynamical 
(diffusion/viscosity), and optical 
(opacities/conductivities) properties. All 
the elec-trons for the interacting species 
receive a full quantum mechanical 
treatment using sophisticated finite-
temperature density functional theory 
(FTDFT). The electronic charge density 
for the entire system consistently relaxes 
to a completely integrated solution. All 
intra-atomic and inter-atomic 
interactions are represented. For the 
nuclei, a classical treatment suffices at 
the temperatures considered. The system 
thus evolves by a two-step process: 1) a 
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and low temperature (0.5 eV). Figure 2 
displays the absorption coefficients 
calculated for the pure species H (black) 
and Li (red), for the sum of the two pure 
species (blue), and for the integrated 
mixture (green). Even for this best-case 
mixing procedure, the pure species sum 
departs both in magnitude and in peak 
position from the full LiH fluid case. In 
Table 1, we make comparisons of the 
Rosseland Mean Opacities. Even for this 
highly averaged property, significant 
differences arise between the mixture 
and the pure-species sums.

For more information contact Lee 
Collins at lac@lanl.gov.
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Density/T κR [1/cm]
1.58g/cc H Li H+Li LiH

T = 0.5 eV 1.35[+5] 5.84[+5] 7.21[+5] 4.6[+5]
T = 1.0 eV 2.62[+5] 5.63[+5] 8.23[+5] 7.6[+5]
T = 2.0 eV 3.13[+5] 5.30[+5] 8.43[+5] 9.8[+5]
0.78 g/cc H Li H+Li LiH
T = 0.5 eV 2.29[+4] 5.27[+5] 5.55[+5] 4.2[+5]
T = 1.0 eV 1.13[+5] 4.98[+5] 6.14[+5] 5.6[+5]
T = 2.0 eV 1.69[+5] 4.74[+5] 6.43[+5] 5.6[+5]

Fig. 1.
Snapshot from a MD 
simulation of the LiH 
mixture.

Table 1. Rosseland Mean Opacities as a function of 
density and temperature for pure species (H and 
Li), for addition of pure species (H + Li), and for full 
mixture (LiH). The brackets indicate exponential 
power.

Fig. 2.
Absorption coefficients 
as a function of photon 
energy: a) pure H 
(black); b) pure Li (red); 
and c) sum of pure coef-
ficients (H + Li: blue), 
mixture LiH (green).




