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geometry optimization 1 :

http://molmod.ugent.be
Stefaan.Cottenier@ugent.be http://www.ugent.be/ea/dmse/en
Technologiepark 903, Zwijnaarde my talks on Youtube: http://goo.gl/P2b1Hs
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What we did so far

DFT

C O 0 —- total energy (and E.,)
‘ — + chemical bond info

=
(DOS, band structure,
density plots)

Useful to answer questions as:

+ Can this material exist ?
* How strong are the bonds?
* What is the type of binding?

Yet, there is more - much more...
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Go back to fec Al

Calculate the total energy for each of these
lattice parameters:
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energy versus volume (or lattice parameter)

Lattice parameter (Angstrom)
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What do you conclude from this ?




energy versus volume (or lattice parameter)

PBE o L 1mole Al-atoms in fcc crystal:
a ~4.05A ! 111.0412 au®/(prim unit cell) (=1 atom)
0 i 6.7 cm3

What do you conclude from this ?
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energy versus volume

Fitting the E(V)-data allows to squeeze even more
information out of it:

Polynomial fit : numerically not very stable

Better: Equation of State (EoS)

> A few-parameter expression that has an intrinsic
shape that naturally mimics the behaviour of solids. The
parameters often have a physical meaning.

Derivation of Murnaghan equation (valid up o 5% volume change):

http://en.wikipedia.org/wiki/Murnaghan_equation_of_state
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Form suitable for fitting of experiments:
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Vo = volume at equilibrium
By = bulk modulus at equilibrium

B, = pressure derivative of bulk modulus at equil.
Eo = energy at equilibrium

By |

Form suitable for fitting of experiments: lBl = 9

()] e = 2 ()" )

Form suitable for fitting of DFT calculations:
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Murnaghan EOS for fcc Al
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a Murnaghan fit is

not a parabola

small By
large By -2
full= Murnaghan —a
dashed = parabola fit

through minimum  —¢
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