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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
• Ionic systems—non-analyticity
• Born effective charges
• Linear response
• Density functional  perturbation theory
• Process for DFPT computations
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Matas, J., et al., Thermodynamic properties of carbonates at high 
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are the curvatures of the potential surface. 
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Calculated phonon frequencies of bcc, fcc and hcp 
Fe all show excellent agreements with experiment
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sound velocities along the sound velocities along the HugoniotHugoniot

Experiments: Nguyen and Holmes, Nature 2004 Theory: Sha and Cohen
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Temperature in EarthTemperature in Earth’’s inner Cores inner Core
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Cohen: November, 2006Cohen: November, 2006
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Thermoelasticity of bcc FeThermoelasticity of bcc Fe
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Change in elastic constants with
temperature at constant V (beyond 
normal quasiharmonic approximation)

Exp: Dever (1972) J. Appl. Phys. 43: 3293; Isaak and Masuda 
(1995) JGR 100(B9): 17689.
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LiNbO3 Thermal Expansivity from Linear 
Response (LDA) vs. Experiment







Born Effective Charges
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Born effective charge tensors 
for tetragonal PbTiO3

3.74 0 0 

0 3.74 0 

0 0 3.52 
 

 

Effective charges are tensors

6.2 0 0 

0 6.2 0 

0 0 5.2 
 

 



PRB, 58, 6224, 1998

Effective charges
Effective charges can be greatly enhanced 
compared to nominal charges.
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