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C2A HARMONIC, QUASI-HARMONIC & ANHARMONIC
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C2A OUTLOOK

O Capabilities of a-TDEP : thermodynamic & elastic
0 Some examples : Si, MgO, U, Fe, Pu



THERMODYNAMIC (1) : MACRO
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CZ2A THE INTERATOMIC FORCE CONSTANTS (1)

All these quantities only depends on

Interatomic force constants (IFC),

which allow to obtain the phonon frequencies

w(V(T),T)

but also the thermal expansion, the Grineisen parameter, the specific
heat, the Bulk modulus, the free energy, the lattice thermal conductivity,

the thermal pressure, the elastic constants, the sound velocities...

How to obtain IFC(T)?



CZ2A  THE INTERATOMIC FORCE CONSTANTS (II)

Taylor expansion of the potential energy around equilibrium
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CZ2A THE INTERATOMIC FORCE CONSTANTS (Il)

One can solve this system of equations by searching its least squares

solution. Let us define the residual : K = FMD — 1.6

One measure of smallness of the residual is to choose 8 such that
S = min(RT.T\’,) = ||Fup — f.@H2 is as small as possible.

The solution giving the lowest residual is the following least squares
solution: & = fT-FMD

Once the IFC obtained, we can compute the dynamical matrix :

V3
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and finally the phonon modes

N DY (@)X (q) = w(a@) X2 (q)



THERMODYNAMIC (Il) : MICRO

Grlineisen parameter :
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DE LA RECHERCHE A LINDUSTRIE

THERMODYNAMIC (II) :

DBy =

MICRO

Specific heat :
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« TEMPERATURE DEPENDENT EFFECTIVE POTENTIAL »

a-TDEP : 90% of the effort has been devoted to the calculation of the IFCs
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One has to take into account symmetries, invariances...

0. Hellman et al., PRB 84, 180301(R) (2011), O. Hellman et al., PRB 87, 104111 (2013).
J. Bouchet & F. Bottin, PRB 92, 174108 (2015), J. Bouchet & F. Bottin, PRB 95, 054113 (2017)



SILICON : « NEGATIVE THERMAL EXPANSION »

A negative thermal expansion at low temperature .
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Phonon frequencies depends on temperature, implicitly & explicitly : w(V(T),T)
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C2A URANIUM: BULK, SHEAR & PHASE DIAGRAM
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Cea

MGO : THE B1-B2 PHASE TRANSITION
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CZa |IRON: C,,, ELASTIC MODULI, Vp & V¢
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C22 HOW TO RUN « A-TDEP » IN ABINIT

As usual... tdep < input.files > log

input.in
HIST.nc
output

...with 3 lines in the input.files...

... and a few « compulsory » variables in the input.in file (see the t37

test of the v8 suite) :

NormalMode
# Unit cell definitiomn
brav 7 0
natom_unitcell
xred_unitcell 0.0 0.0 0.
typat_unitcell 3 2 1
# Supercell definition
multiplicity 2.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 2.00
temperature 495.05
# Computation details

0.50.50.5 0.00.50.5 0.50.00.5 0.50.50.0
1 1

nstep_max 101
nstep_min 1
Rcut 7.426

# Optional inputs
Nggpt2 2 2 2
TheEnd

For more details, see the « Topic » and « Input variables » sections in ABINIT.
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QTDEP
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Graphical interface

gTdep

0000000.0,
S0 S ee
el els ot oot
ool elnsgeedaols et
e e

00000000

qTdep - g X
t37_HIST.nc didep =0 B
Supercell t37_HIST.nc qicep =8 X
Trajectory (101 step(s)) Supercell . t37_HIST.nc Band Structure
Firsttime: |0 |* Unit cell Supercell T T T r T T
Last time 100 |o Lattice Unit cell - 600
A . E— \
Step 18 Lattice scaling |14.852957 |14.852957 |14.852957 ~ OPtions
—_— 500 | 1
Temperature 495,05K a 0.5 0 0 Order expansion 2~
Multiplicity b 0 0.5 0 radius cutoff for order 2 |7.42648 bohr ~ progs ]
c 0 0 05 ¥
2 0 £ e
Space group: 221: Pm-3m DOS smearing 45e-6 Ha ; 300 21
0 0 4 S
0 = Atomic description DOS g-point grid 222 I+
200 ~ 8
Type x (red.) y (red.) z (red.)* v Use ideal positions instead of average positions s v — 2 4
1sr 0 0 0 Mode debug £ 7 N
100 F N ]
2[Ru 05 0.5 0.5 7 N\ /
Energy unit /cm ~ /;
30 0 0.5 0.5
Unit cell 0
40 0.5 0 0.5 -
Options
r X M r R
kpt=2.9702 E=5.13544 Options _ k-path
kpt=2.55121 E=4.06321 v/ Apply Open % Close &5 Save

kpt=0.177122 E=717.256

J. Bieder, to be submitted



