
Finite-temperature simulations 
exemplified on the thermoelectric 

clathrate Ba8AlxSi46-x
Maria Troppenz

Humboldt-UniversitätzuBerlin and Iris Adlershof



Type-I clathrates: Ba8AlxSi46-x

ÅPromising candidate for 
phonon-glass electron-crystal

Å46 host atoms form 8 cavities

Å8 guest atoms: rattlers
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Ą Si46 semiconductor

Ą Ba+2
8Si46 + 16 e- : metal

ĄBa+2
8Al-1xSi46 + (16-x) e-

Ą x=16: semiconductor

Zintl concept:

24k     16i      6c Al , Si

Ba
2a/6d

Wyckoff positions:

Unit cell:



Ground states in the range с Җ Ȅ Җ мс
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Charge-
balanced

M. . Troppenz, S. Rigamontiand C. Draxl, Chem. Mater.292414 (2017).



DOS at charge-balanced composition (x=16)

(k,i,c) Nb Emix Eg [eV]

(9,5,2) 12 -156.2 -

(8,4,4)2 -210.6 0.16

(6,6,4)0 -215.5 -

(12,1,3) 0 -220.9 0.36
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Configurations at x=16
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Strong dependence of the band gap on the configuration!



DOS at charge-balanced composition (x=16)
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Strong dependence of the band gap on the configuration!
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Finite-temperature simulationsat 
charge-balanced composition



Canonical Metropolis Monte-Carlo simulations at several tempertures

Finite-temperature simulations
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ÅOccupancy factors of the Wyckoff sites 24k, 16i, and 6c
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Canonical Metropolis 
Monte-Carlo simulations:

Åfixed x
ÅfixedT
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Canonical Metropolis Monte-Carlo simulations at several tempertures

Finite-temperature simulations
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ÅOccupancy factors of the Wyckoff sites 24k, 16i, and 6c

Configurational order-disorder transition

(k,i,c) Nb Emix Eg [eV]

(9,5,2) 12 -156.2 -

(8,4,4)2 -210.6 0.16

(6,6,4)0 -215.5 -

(12,1,3) 0 -220.9 0.36

Configurations at x=16
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Finite-temperature simulations
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Calculation of the temperature-independent density of states [1]:

[1] F. Wang and D. P. Landau, Phys. Rev. Lett.86, 2050 (2001)

ĄCanonical distribution, entropy, specific heat, ...
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Thermodynamic integration at every temperature:

ὊὝ ὯὝÌÎὤ



Wang-Landau algorithm
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Metropolis-Hastings samplings with different acceptance probabilities:

ὴ Ὁ ᴼὉ Histogram Ὄ%
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F. Wang and D. P. Landau, Phys. Rev. Lett.86, 2050 (2001)



Wang-Landau algorithm
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ὴὉ Ὁ ÍÉÎ ȟρ

F. Wang and D. P. Landau, Phys. Rev. Lett.86, 2050 (2001)

ὫὉ ρ

Start:

Ὢ Ὡ

ὫὉ ὫὉɇὪ

H Ὁ ὌὉ ρ

ὌὉ π Ὁ Ὁ

Wang-Landau step:

Until: ᶅ ὉḊὌὉ ψπϷ ὌὉ

ὉᶅȡὌὉ πὪ Ὢ



Finite-temperature: Wang-Landau method
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ÅDensity-of-states            from Wang-Landau methodὫ(Ὁ)



S = (F –U) / T

Finite-temperature properties
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ÅDifference between internal energy U(E) and free energy F(E)

Free energy

Ὂ ὯὝÌÎὤ

Internal energy
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Finite-temperature properties
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ÅDouble peak in canonical distribution P(E,T)

Internal energy
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Finite-temperature properties
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ÅPeak in the specific heat CV

Temperature [K]

Ttrans = 800 K
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Order-disorder transition

Semiconductor-to-metal transitionat the charged-balanced composition 
driven by a configurational partial order-disorder transition at ͯ 800K
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Cluster expansion 
of the band gap
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Cluster expansion is employed to predict the energy of an

arbitrary configuration.

We access finite-temperature properties with:

Á Canonical Metropolis Monte-Carlo simulations at 

several temperatures

Á The temperature-independent configurational density-
of-states▌╔ from the Wang-Landau method

Conclusions

17Thank you for your attention!


