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Outline

Theoretical background
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Principal axes approximation to the BO energy surface

» Harmonic approximation:
o= 3 (5 + el
vib = 5992 o Wksdk
- 20q, 2 7

» Principal axes approximation to the BO energy surface:

V(Q) =V(0)+) Vks(qks)+% >3 Fee
k,s

k,s k/,s’

» Static lattice DFT total energy
» DFT total energy along frozen independent phonon
» DFT total energy along frozen
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Vibrational self-consistent field (1)

» Phonon Schrodinger equation:
1 02
Y 559 TV(Q) | Q) =EQ)
o 28qk

> Ground state ansatz: ®(Q) = [[} ; Pks(qks)
» Self-consistent equations:

1 0
< + Vks(ka)> (ka(ka) = Aks¢ks(ka)

20q2,
Vks ka = <H ¢k’ ! Qk’ ’ ) Hl¢k’s’(Qk’s/)>
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Vibrational self-consistent field (I1)

» Approximate vibrational excited states:

25(Q H |6 (qxs))

where S is a vector with elements Sy.
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General phonon expectation value

» Phonon expectation value at inverse temperature 5:

0@ = 3 S (N(QIO(Q)|#5(Q))e s

S

» Operator expansion:

) OHZ Ores (1cs) + Z Z Oks ks’ (Qkss Qs )+
k,s

k,s k/,s’
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Outline

Electron-phonon coupling
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Band gap renormalisation

€, (@rb. units)
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Standard exchange-correlation functionals

» Band gap problem (LDA, PBE, ...): underestimation of gaps.

» Caused by the lack of a discontinuity in approximate
xc-functionals with respect to particle number: correction A,
to band gap.

» Approximate systematic shift in all displaced configurations.

» Error disappears in change in band gap.

ESDG - May 2013 .



Diamond thermal band gap (I)
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Diamond thermal band gap (II)
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Experimental data from Proc. R. Soc. London, Ser. A 277, 312 (1964)
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LiH and LiD thermal band gaps
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Outline

Stress tensor
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Gibbs free energy

> Gibbs free energy:

dG = dFy + dFyp, — Q) o5'de;;
7.]

» Vibrational stress:
1 0F

vib __
o) _
g Q aEZ’j

» Effective stress:

dG = dFy — Q> oflide;;
’j

where aeff oot 4 gYib,
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Vibrational stress tensor

» Potential part of vibrational stress tensor:
vib,V 1
o =(2(Q)|0f;|2(Q))
» Kinetic part of vibrational stress tensor:
vib,T 1 L
0y = Q P Z MaUpeasiUpa;j| P
Ry«

» Total vibrational stress tensor:

vib _ _vib,V
ij — T4

vib, T

g, i

+ o
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Diamond thermal expansion coefficient
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Experimental data from J. Appl. Phys. 46, 89 (1975)
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LiH and LiD thermal expansion coefficient
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Experimental data from J. Phys. C 15, 6321 (1982)
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Conclusions
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Conclusions

Summary:
» Principal axes approximation to the Born-Oppenheimer energy

surface.
» VSCF method for the solution of the vibrational equation.

» General phonon expectation values.

Extended framework:
> All static DFT properties can be renormalised.

» Examples: mean atomic positions, hyperfine tensor, ...

ESDG - May 2013 oo



» Acknowledgements:

Prof Richard J. Needs
Dr Neil D. Drummond
TCM group

EPSRC

v

vV vy

» References:

» B. Monserrat, N.D. Drummond, R.J. Needs
Physical Review B 87, 144302 (2013)

ESDG - May 2013

21



	Theoretical background
	Vibrational self-consistent field
	Phonon expectation values

	Electron-phonon coupling
	Theory
	Results

	Stress tensor
	Theory
	Results

	Conclusions

