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Lattice Dynamics, Thermal Properties, and
Density Functional Perturbation Theory

Why you need estimates of thermal corrections
Thermodynamics of collection of oscillators
Mathematical description of crystals (review)
Atomic displacement waves (phonons)
Dynamical matrix

Secular equation (equations of motion)
Densities of states

Kieffer models

Examples

lonic systems—non-analyticity

Born effective charges

Linear response

Density functional perturbation theory
Process for DFPT computations
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Kieffer models

1. Kieffer, S.W., Thermodynamics and lattice vibrations of minerals: 1. Mineral heat capcities and their
relationships to simple lattice vibrational models. Reviews of Geophysics and Space Physics, 1979. 17: p. 1-19.

2. Kieffer, S.W., Thermodynamics and lattice vibrations of minerals: 2. Vibrational characteristics of
silicates. Reviews of Geophysics and Space Physics, 1979. 17: p. 20-34.

3. Kieffer, S.W., Thermodynamics and lattice vibrations of minerals:3. Lattice dynamics and an
approximation for minerals with application to simple substances and framework silicates. Reviews of Geophysics
and Space Physics, 1979. 17: p. 35-59.

4, Kieffer, S.W., Thermodynamics and lattice vibrations of minerals:4. Application to chain and sheet
silicates and orthosilicates. Reviews of Geophysics and Space Physics, 1980. 18: p. 862-886.
5. Kieffer, S.W., Thermodynamics and lattice vibrations of minerals:5. Applications to phase equilibria,

itostopic fractionation, and high-pressure thermodynamic properties. Reviews of Geophysics and Space Physics,

1982. 20: p. 827-849. . ) _
. Matas, J., et al., Thermodynamic properties of carbonates at high

02 ' ' ' ' ' ‘ - pressures from vibrational modelling. Eur J Mineral, 2000. 12(4): p.
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Ghosez et al.
Phys. Rev. B,
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Calculated phonon frequencies of bcc, fcc and hcp
Fe all show excellent agreements with experiment
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LINDO, Thermal Expansivity from Linear
Response (LDA) vs. Experiment
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Born Effective Charges
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Born effective charge tensors

Effective charges are tensors

for tetragonal PbTIO,
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Effective charges

Effective charges can be greatly enhanced
compared to nominal charges.

Ph. GHOSEZ, J.-P. MICHENAUD, AND X. GONZE

PRB, 58, 6224, 1998

TABLE II. Born effective charges of BaTiO; in the cubic structure,

ZEET) | Z%i(T) Zsj(_T) | Zal(_T).

Nominal - +2 +4 -2 -2
Experiment - +29 +6.7 —2.4 -4.8
Models (shell model) +1.63 +7.51 -271 =372
| - (SCAD model) +2.9 +7.3 -2.2 —58
First-principles (linear response) +2.77 +7.25 ~2.15 -5.71

(Berry phase) +2.75 +7.16 —2.11 —-5.69




Experimental determination of

__effective Charges

Reflectivity (oscillator strength)
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Gonze, Phys. Rev. A 52, 1096, 1995
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Potvibation 7’4“// for PFT Kohn—Shen
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