Kap-l'lapuHeno

MonekynHa guHamMmuka



The total ground—state energy of the interacting system of electrons with classical nuclei
fixed at positions {R;} can be obtained
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bopH-OneHxanmep MosekynHa anHamMmuka
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Cwvnu gencrtealun Ha aapaTa
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Kap-l'lapnHeno monekynHa guHamMmuka
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Unit Cell and Plane Wave Basis
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VKS(_I-) — VKS(I- +L) MoteHuunan Ha Kox-LlaH

OpbuTtanunte moraT ga ce npeactaBsaT KaTo
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Kinetic Energy and Local Potentials
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The plane waves do not depend on the atomic positions, therefore there are no Pulay
forces and no contribution of the kinetic energy to the forces on the nuclei.
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Electrostatic Energy
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expanded in plane waves with expansion coefficients
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Structure factor of an atom



the electrostatic energy for a periodic system
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Exchange and Correlation Energy
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£ (G) is the finite Fourier transform of =..(R).



Car—Parrinello Equations
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Velocity Verlet integration algorithm
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M3nckBaHMA 3a OPTOroHanHoCT
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Pseudopotentials

The norm—conserving pseudopotential approach provides an
effective and reliable means for performing calculations on complex
molecular, liquid and solid state systems using plane wave basis
sets. In this approach only the chemically active valence electrons
are dealt with explicitely. The inert core electrons are eliminated
within the frozen— core approximation, being considered together with
the nuclei as rigid non—polarizable ion cores. In turn, all electrostatic
and gquantum—mechanical interactions of the valence electrons with
the cores, as the nuclear Coulomb attraction screened by the core
electrons, Pauli repulsion and exchange and correlation between
core and valence electrons, are accounted for by angular momentum
dependent pseudopotentials.



Norm—Conserving Pseudopotentials

Hamann—Schluter—Chiang Conditions

(1" + Vag) [¥y) = e|¥y) (T + Viar) [®1) = €| Py)

1. Real and pseudo valence eigenvalues agree for a chosen prototype atomic configura-
tion. € = ¢

2. Real and pseudo atomic wave functions agree beyond a chosen core radius r..

U (r) = &(r) forr = r,

3. The integrals from 0 to R of the real and pseudo charge densities agree for R > r.
for each valence state (norm conservation).

<(I)g‘(I}E>R — <1Dg‘qu>R for R > r,
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4. The logarithmic derivatives of the real and pseudo wave function and their first
energy derivatives agree for r > r..



Property 3) and 4) are related through the identity
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KeaHmoeo-Knacu4yecku Memoodu

lMoodxodswu 3a onucaHue Ha:

+Peakyuu e pazmeop

«EHOUMHU peakyuu
Pa3nensHe Ha nocucTemMu:

QM — aKTUBHUTE LIEHTPOBE
MM — obkpbxaBallaTa ru cpega
B3anvmopgeucteuaTta 8 QM

yacTtta — QM xamunToHmnaH
QM/MM — npexogHa obnacTt --- cunoo nosie 1 QM xamMunToHuax ---

CBbp3Balll aTOMUN U 3aMpPa3eHU Op6VITaJ'Il/I, efiekKpoCTatTn4Hn

B3aMMOAENUCTBUSA — TOYKOBU 3apsagm
Bianmopeuctsuata B MM yactta — MM cunoBo none

QM/MM xnbpunaeH moaen:
eKomnpomuc mexagy 6bp3mHa n TO4YHOCT
ePeanncTn4yHoCT Ha Mmoaena
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