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Gold as a Calibration Standard

� Gold is often used as a calibration standard
in high pressure experiments due to:
• Low strength and rigidity
• Chemical inertness
• High structural stability (stable fcc structure up to

100 GPa)

�The physical and chemical properties of Au have to be 
known 

Calculation Method

� Density Functional Theory (DFT)
� First principles calculations (ab-initio) 

Calculations
� Plane wave basis sets (Ecutoff=400 eV)
� Pseudopotential approximation (Ultrasoft

Vanderbilt Pseudopotentials)
� Special k-point mesh (Monkhorst-Pack) 



3

Pseudopotential Approximation

The valence electrons wave
functions are oscillating
rapidly due to high core
potential, which is replaced by
a pseudopotential.

Energy cutoff test k-point test
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Local Denstiy Approximation (LDA)

• Overestimates bulk modulus, cohesive energy

• Underestimates lattice constant and thus cell
volume

• Lower bound to the pressure for a given volume

Generalized Gradient Approximation (GGA)

• Underestimates bulk modulus, cohesive energy

• Overestimates lattice constant and thus cell
volume

• Upper bound to the pressure for a given volume

•Ab-initio calculations were performed for fcc Au
at various pressures

•Cohesive energies were calculated for both LDA 
and GGA

•Spin-unpolarized calculations 

•Spin-orbit coupling (SOC) effects was also
neglected

•Energy versus lattice parameter curve was
obtained

Equation of State of Gold
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Equation of state of Au

Zero-pressure volume, cohesive energy, bulk modulus
and pressure derivetive of bulk modulus 

LDA predicts the physical properties of fcc Au
better than GGA.
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Structural Phase Transition of Au

•First principle calculations were
performed for bcc and hcp structures
of Au.

•In order to perform BZ integrations for
bcc phase, k increment is set equal to
the one of fcc calculation.

•For hcp, c/a ratios were not taken as 
ideal but optimized before calculations
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Transition pressures are: 
455 GPa (fcc to bcc) and 457 GPa (fcc to hcp) using LDA
534 GPa (fcc to bcc) and 590 GPa (fcc to hcp) using GGA
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Tetragonal Deformation Orthorhombic Deformation

Calculation of Elastic constants
In any cubic crystals there are three independent
stiffness constants (c11, c12 and c44). 
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The zero-pressure elastic constants and pressure
derivatives of elastic stiffness constants. The
references with asterisk are experimental studies



12

The tetragonal shear modulus and bulk modulus as 
a function of pressure

The Zener Anisotropy defined as;
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Aggregate Properties:
Voigt averaged and Reuss averaged shear modulus are
given as;

Sound velocities can be determined by solving
Cristoffel equation;

For cubic crystals the solution of the above secular
equation for [110 direction] gives;

Longitudinal

Transverse
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The compressional, shear and bulk sound velocities
defined as;

Phonon Dispersion Relations

The phonon frequencies calculated using dynamical
matrix
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Phonon dispersion at 0 GPa

Phonon dispersion at 67 GPa
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CONCLUSION
� Physical properties of gold is calculated up to 500 GPa
� Equation of state of Au is obtained
� LDA approximates the physical properties of Au better than GGA 

at the 0-500 GPa pressure range
� Vinet type equation of state is better describe the EOS of Au
� Fcc phase to bcc phase structural transition is observed at ultra-

high pressure regime
� Fcc phase stability is observed up to 455 GPa
� Calculated elastic constants of gold at ambient pressure is in 

good agreement with experimental data
� With increasing pressure all elastic constants increase almost

linearly
� At ambient pressure calculated vibrational spectra is in perfect

agreement with neutron scattering data
� With increasing pressure phonon frequencies shift upward, after

100 GPa is almost linearly.


