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MOTIVATION

Bonding
(the ‘glue’ in matter)
IS determined
by the valence electrons




Periodic table of the elements

[] Alkali metals

[] Halogens

8 group [] Alkaline-earth metals [_] Noble gases
E’ L [] Transition metals [ ] Rare-earth elements (21, 39, 57-71) 18
1 1 [ Other metals and lanthanoid elements (5771 only) 2
H 2 13 14 15 16 17 He
3 a [] Other nonmetals [] Actinoid elements B 6 7 8 9 10
| L | Be B|C|N|O]|F/|Ne
11 12 13 14 15 16 17 18
3| Na Mg | 3 4 5 6 7 8 9 10 11 12 | Al [ Si| P | S |CI|Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1K Ca | Sc | Ti V |Cr | Mn|Fe |[Co| Ni |[Cu|Zn |Ga | Ge | As | Se | Br | Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
>Rb|Sr| Y |2r|Nb|Mo| Tc | Ru|Rnh | Pd Ag |Cd | In | Sh | Sb | Te | Xe
55 56 57 72 73 74 D 76 77 78 79 80 81 82 83 84 85 86
& Cs|(Ba|La|Hf | Ta| W [Re | Os | Ir Pt | Au | Hg | Tl | Pb | Bi | Po | At | Rn
87 88 89 104 (105 (106 |107 |108 |109 |110 (111 (112 (113 |[114 |115 |116 (117 |118
"1 Fr Ra | Ac | Rf (Db (| Sg ([Bh |Hs ([ Mt | Ds | Rg | Cn | Nh | FI |Mc | Lv | Ts | Og
Enthangiisertes 6 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr Nd |Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
aplinsid sanas 7 90 91 92 93 94 95 96 97 98 99 100 (101 |102 |103
Th {[Pa| U [Np| Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC).

© Encyclopaedia Britannica, Inc.




Internal electrons are inert, and do not
participate in the chemical bond

Effective potential for valence electrons

Pseudopotential

V(r)

-1.0 F

-4.0

-7.0

—-10.0 : :



A bit of history



Orthogonalized plane-wave method (Herring, 1940)
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Empirical pseudopotentials
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A bit of history...

The modern era
of pseudopotentials

Hamann, Schliiter, Chiang (1979)
Kerke (980)



Remove nodes in
wavefunction to
obtain the
pseudo-wavefunction

Conserve
the norm
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Nodes reflect the
orthogonality to
the core states.

Pseudopotential
obtained

by inverting the
Schrodinger equation
using as a solution

the pseudo-wavefunction
and the same eigenvalue

Un-screen with
valence charge



Ab-initio pseudopotentials

Essential non-locality
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Somi -local  form :
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NORM
CONSERVATION

Norm — conservaTion

o Preserwes electrasTatic potential
oufside v
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Preserves  scafterina pwrer‘l‘les
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(Many) newer developments to
address transferability and cost
ISsues

® Refinements of the “node ironing” and
Inversion procedures. (Many authors)

® Ultrasoft pseudopotentials (vanderbilt, 1990)

® Norm-conserving schemes using multiple
projecto I'S (Hamann, 2013)



More...

® Find out how your favorite materials
simulation code uses pseudopotentials.

® Become familiar with the available databases.

® (Remember to test your pseudopotentials!)



Databases of curated pseudopotentials
http://www.pseudo-dojo.org/
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Practical issues
iNn Siesta



PS use in Siesta

Norm-conserving pseudopotentials only

* Legacy format: .psf extension
* PSML format: .psml extension (recommended)

* Richer metadata
* Can use Pseudo-Dojo database

Generation of pseudopotentials:
* ATOM program: https://docs.siesta-project.org/projects/atom
* ONCYV program: See https://www.pseudo-dojo.org



https://docs.siesta-project.org/projects/atom
https://www.pseudo-dojo.org

PS use in Siesta

Norm-conserving pseudopotentials only

* Siesta will:
* Process the pseudopotential information, generating
the Kleinman-Bylander projectors.
* Generate the appropriate basis set (with almost
automatic handling of special features, such as semi-

core states)



———— Processing specs for species: 0
Ground state valence configuration: 2502 2p0o4
Reading pseudopotential information in formatted form from: O.psf

KBgen: Kleinman-Bylander projectors:
1= 0 rc= 1.293209 el= -1.742414 Ekb= 9.076872 kbcos= 0.325320
=1 rc= 1.284119 el= -0.676589 Ekb= -8.194485 Kkbcos= -0.396010
1= 2 rc= 1.433152 el= 0.013307 Ekb= -2.071665 kbcos= -0.003690
1= 3 rc= 1.540891 el= 0.019584 Ekb= -0.817137 Kkbcos= -0.000371

%block PAO.Basis # Define Basis set
0 2 # Species label, number of l-shells
n=2 0 2 # n, 1, Nzeta
3.561 2.320
1.000 1.000
n=2 1 2 P 1 # n, 1, Nzeta, Polarization, NzetaPol
4.291 2.782
1.000 1.000

Information on projectors and basis orbitals is stored in O.ion (or O.ion.nc) file



Thanks !






Radial profile of charge density for Si atom
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Radial profile of charge density for Si atom
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Radial profile of charge density for Si atom

20-0 1 I T I T I 1 I T I 1
= — Neutral configuration: 25° 25 2p6 35 3p S
— JIonic configuration +1: 15> 25 2p6 35 3p1
15.0 —— Tonic configuration +2: 1s> 2s” 2p° 3s” 3p° -

— JIonic configuration +3: 15> 25 2p6 3s' 3pO

10.0

5.0




A bit of history...

Empirical
pseudopotentials



Common. meetal: Na  15°2s*2p%+ 3¢
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e Atowmic calcvlations vsiug, DFT
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Norm — conservaTion

o Preserves electresTatic potewtial
oufside v
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