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Topics to cover:

e What is DFT

* Why you may need it in your courses
* What tasks students solve with DFT
* An example of a practical task
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What is DFT

* Density functional theory (DFT) IS a
computational quantum mechanical modelling method
used In physics, chemistry and materials science to
Investigate the electronic  structure  (principally
the ground state) of many-body systems, in particular
atoms, molecules, and the condensed phases. Using
this theory, the properties of a many-electron system can
be determined by using functionals.

* DFT covers a huge group of methods for solving
guantum (Kohn-Sham) equations



\_)
©»
=

}BMMATENG Tempus
\ ><]
S
Form _':’f Full potential : FP
potential | «Muffin-tin® MT
— atomic sphere approximation (ASA)
pseudopotential (PP)
Relativistic treatment
of the electrons exchange and correlation potential
ﬁﬂl}*.-relati.vﬁstﬁc - » Local density approximation (LDA)
Seﬂu-rela_tﬁ_fls_tlc Generalized gradient approximation (GGA)
non relativistic Beyond LDA: e.g. LDA+U

_ %Vz +V(r) qof = gf(pf Kohn-Sham equations

Representation - -
non petiodic | ¥ _ Basis functions
of solid

(cluster) —

iodic < plane waves : PW
pero T augmented plane waves : APW
(onit celh Treatment of -+ linearized “APWs”

. . spin analytic functions (e.g. Hankel)
Spin pt.:rlanze:d. atomic orbitals. e.g. Slater (STO), Gaussians (GTO)
non spin polarized «

numerical



®

RNl Termpus

X
@)
<7

LIMMATENG

G/

Why you may need It in your courses

DFT methods allow to evaluate and predict:

- Type of material.

- Chemical bonding and electron density distribution.

- Basic and specific physical properties of materials.

- Model structure disorder: dislocations, point defects.
- Model multi-layer materials, absorption, adsorption.

- Evaluate the proper ways of material improvement.

- Thermodynamics.

- And even more...



£
.\
z MMATENG

-

8

RNl Termpus

X
A

What tasks students solve with a DFT

- Optimize the crystal structure of the material.

- Calculate the ground sate energy an the ensity of
electronic states.

- Calculate the istribution of the electron density an
electron localization function.

- Calculate the solubility in solid solutions

- Magnetic moment calculation

- Evaluate the correct crystal structure (type)
- Predicts pressure induced phase transitions
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“Anyone can do calculations
nowadays.

Anyone can also operate a scalpel.

That doesn’'t mean all our medical
problems are solved.”

Karl Irikura
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Kypc: “@i3uKa KOHeHCOBAaHOIO CTaHy

Ipaxmuuna po6oma Nel: ab initio po3paxyHoK MarHiTHoro MomeHTy atoMmiB Fe y cTpykrypi a-Fe

Heo6xiaHi 3HAHHA Ta HABHYKH:
¢ KpucTanorpadiuHMil OMMC CTPYKTYPH Ta robymoea il mogeni y nporpami VESTA;
*  TeopeTHUHi OCHOBH ab initio MeTOAIB PO3PaXyHKY eleKTPOHHOI CTPVKTYPH;
¢  KOMMOUIALA Ta iHCTanALia nporpaMm B cepegopuiy OC Linux.

Merta: npoeectH ab initio po3paxyHKH elIeKTPOHHOI CTPYKTYPH a-Fe Ta OL[iHHTH OTpHMaHe 3HaueHH:
MarHiTHOro MOMeHTy aTtomie Fe.

3aBpaHHA:
* MiAroTYBaTH KPHUCTaIIUHY CTPYKTYPY [/1 PO3PaxyHKIB;
* CTBODWTH BXiJHWH hali 4714 po3paxyHKIiE;
* TIpOBeCTH PO3paxyHKH Ta OL[iHHTH pe3y/bTarT.

Buxigmi gami:
*  Kpucmanoepaghiuni xapakmepucmuku:
a-Fe (olK rpatka), npoctopoBa rpymna Im-3m;
rnapaMeTp ejleMeHTpaHol koMipkH a = 0,2866 HmM;

Atom |TICT x/a yib zlc
Fe 2a 0 0 0

¢ MazHimHi Xapakmepucmuku:
MarHiTHHI MOMeHT HacHueHHs atoMiB Fe y cTpykTypi a-Fe ey = 2,217 pB/aTom.

IIporpamue 3aGe3neueHHA:
* maket nporpam elk 2.3.22 (elk.sourceforge.net);
* mporpama VESTA 3.2.0 (jp-minerals.org/vesta/).
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IMocmaoBHICTE BHKOHAHHA:

1. ITigroroBKa KpHCTA/JIIUHOI CTPYKTYPH /I PO3PaXyHKIB

VYBATA! Eman nideomoeKku Kpucmaii4Hol cmpyKmypu 04 po3paxyHKie € odHuUM 3
HaUBAMCAUBIILUX, OCKIABKU HAUMEHWA NoMuika npuszgede do  xubHol elekmpoHHol  cmpyKmypu
mamepiany!

Jlns BMKOHaHHA MOCTAB/EHOTO 3aBJaHHA HeoOXiHO BHKOpHMCTAaTH mporpamMy Spacegroup 3
nakety nporpam elk, sAka 3HaxoguTtbcsa B Karamosi elk-2.3.22/src/spacegroup/. Bxigni
napaMeTpH s L€l mporpaMy MICTAThCA v (aii Spacegroup.in, kMl HeobXigHo Bigpenaryeatu
3riaHo KpucTanorpadiuHux napameTpie a-Fe:

'"Im-3m' : hrmg
5.415721844 5.415721844 5.415721844 : a, b, c

90 90 90 : bc, ac, ab

1 1 1 : ncell

.false. : primcell

1 ! nspecies

'Fe! : spsymb, spfname
1 ! nwpo

000

Y paaky (hrmg) ekazyeTbca cKopoueHHH CHMEBOI [epmaHa-MoreHa Ajia TPOCTOPOBOI TPYITH.
Pagok (a, b, C) mMicTMTE mapameTpM e/leMeHTApHOI KOMIDKH B aTOMHHX OJuHHLAX (a.0.). [dnda
nepexoAy Bi HM A7 a.0. HeobxXigHO 3HaUeHHA KOXKHOTO TapaMeTpa KOMIDKHM PO3ZLUTHTH Ha 3HaueHHA
pagiyca nepioi 6opiecekol opbitu (0,05292 um). Pagok (bc, ac, ab) 3agae kytu Mk BignoeigHuMM
napamMu 6a3oBHx BekTopiB. Pagok (Ncel 1) BUKOPHCTOBYETLCA /151 CTBOPEHHA HAIKOMIPOK V KOXKHOMY 3

Harfionansimii yHieepcuteT “JIbBiBCHKA NOMITEXHIKA™
Kathespa NpHE/IaJHOTO MaTepiano3HABCTEa Ta 00po0OKH Martepiamie, cT. BHK. B.B. Pomaka ©
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2. CreopeHHsA BXigHOro (haiay /15 po3paxyHKIB
Ha apyromy etani pofGoti HeobxigHo cTBopuTH Y pobouiit obmacti Hoeul Katamor Fe_bcc, y
AKOMY OyayTh MiCTHTHCA BCi (halimi po3paxyHKIBE e/TeKTPOHHOI CTPYKTYPH. Y 1IbOMY KaTasno3i HeoOxigHo
TaKO)K CTBOPHMTH TIopoykHiil daiin elk. 1N i BHecTH y HLOro HaCTYIIHI MapaMeTpH Ta IXHi 3HAUeHHA Ad
PO3paxyHKIB:

tasks
(G]

xctype
20
spinpol
true

bfieldc
0.0 0.0 5.0

reducebf
0.5

autolinengy
true

mixtype

3

nempty
10

ngridk
88 8

sppath
' WwaAx_ao_katanory_3_nporpamoro/elk-2.3.22 /species/"’
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3. Po3paxyHKH e/IeKTPOHHOI CTPYKTYPH Ta MarHITHOTO MOMEHTY
3anyctutu niporpamy e Lk (katanor elk-2.3.22/src/), nepegaBiiy i B AKOCTI apryMeHTY
Ha3By ¢aiina elk. in. [To 3aBepiueHHI0 po3paxyHKIB IIpoaHali3yBaTH pes3y/ILTaTH 3 0CTaHHLOI iTepaljil v
daini INFO.OUT, BCTaHOBHTH MarHiTHHH MOMeHT atoMa Fe i mopiBHATH HOro 3 eKcrepHMeHTaILHHM
3JHAUEHHAM, BW3HAUUTH a0OCOMIOTHY Ta BiAHOCHY TMOXMOKH pO3paxXOBaHOrO 3HauUeHHA MarHiTHOTO
MOMEHTY. BCTAaHOBMTH Ta MOPIBHATH CyMapHi Mar”iTHi MoMeHTH ycix atomie v muffin-tin cdepax Ta
LiIoMy KpHcTasti. 3pobUTH BUCHOBKH.

Ikepena gogarkoBoi iHdopMmarrii:

*+ D.J. Singh and L. Nordstrom, Planewaves, Pseudopotentials and the LAPW Method (Springer,
2006);

* sourceforge.net/p/elk/discussion/

* S, Altmann, Band Theory of Solids: An Introduction From The Point Of View Of Symmetry
(Oxford Press, 1991);

* W. Koch, M. Holthausen, Chemists Guide to Density Functional Theory (Wiley-VCH, 2001);

* R. Martin, Electronic Structure - Basic Theory & Practical Methods (Cambridge University Press,
2004).
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Kypc: “®i3uka KOHZeHCOBAaHOTO CTaHy

ITpakmuuria po6oma Nel: ab initio po3paxyHOK MarHiTHOro MomMeHTy aromis Fe y ctpykrypi a-Fe

CryaenT

AxagemiuHa rpymna

JlaTa BHKOHaHHA

AmHasmi3 pesyabrartis:

BHCHOBKH:

HanjionanbHHiA yHieepcHTeT “JIbBIBCEKA NOMTEXHIKE”
Kathenpa npHKIagHON0 MaTepianozHARCTEA Ta 00poOKH MaTepianie, cT. BUK. B.B. PoMaka ©




\/
/)

Lo
SLIMMATENG

L Tempus

( 2\ )

\/
Al

Contacts.

Vitally Romaka
Lviv Polytechnic National University

Department of materials science and
materials enginnering

Ustyjanoycha 5 street
Tel. + 38 (032) 258 25 13
Email: romakav@Ip.edu.ua
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Initial Guess

n®(r),n*(r)

Calculate Effective Potential

V(1) = Vear(r) + Viari[n] + VZ[nT, nt]

Solve KS Equation

(- 472+ 770wt ) = etvr)

Calculate Electron Density

n?(r) = 32, 7 |07 ()|’

Output Quantities

Compute Energy, Forces, Stresses
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TiN1Sn-TiN1,Sn
Initial structure Relaxed structure
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