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Empiricke potencialy
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Empiricke potencialy

4.52 eV

Potential energy U

0.074 nm = Mo




Empiricke potencialy

» NaCl
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Embedded atom model

1 _
Ei=Fo|)_ ps(ryy) | + 5 2 bas(riy)
j#1 7

Target Ackland et al. (1997)

Property value potential
a (A), bee at T=0K 2.8553¢ 2.8665
a (A), bec at T=1820K 2.94 2.921
E., (eVatom™'), bee —4.316“ —4.316
E{ (eV). becat T=0K 1.84“ 1.89
Ep (eVatom™ '), bec at T=0K 2.65" 2.49
E: (eV), (100) bee at T=0K 4.37¢ 6.12
E; (eV), (110} bec at T=0K 3419 4.88
E; (V). (111} bec at T=0K 4.117 5.02
C (GPa), becat T=0K 243 .4 2434
Ci» (GPa), bccat T=0K 145.0° 145.0
Cyy I{GPLL). beeat T=0K 116.0° 116.0
Yioo (€V A %), becat T=0K 0.136" 0.113
a (A), [ccatl T=0K 3.6583° 3.6800
AEpee .iee (€Vatom™ ') 0.122° 0.054
Priquia (GPa), T=1820K _ 0.00" —0.460
PCF first peak position (A), T=1820K 2.49¢ 2.53
PCF first peak height, 7= 1820K 2.28% 2.87
Dijquia (10 7em?*s ™), T=1820K 1.19
AH e (€Vatom™ '), T=1820K 0.143 0.188
Ry (eVA 0.00 0.63

Rpn (eVA ™) 0.00 0.66




Periodicke okrajove podminky
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Integrace - dynamika

Newtonovy rovnice
Predictor-corrector

Time-step 101 s

Debyeova frekvence

Teplota E, =3/2 kT
Maxwell-Boltzmanovo rozdéleni

Termostat — skalovani rychlosti

Simplified schematic of the molecular dynamics algorithm

Give atoms initial =% and v(=% , set @ = 0.0, t = 0.0, i = 0, choose short At

!

Predictor stage: predict next atom positions:
Move atoms: r* = Hi/ + vl At +1/,a A t2 + more accurate terms
Update velocities: v* = v/ + @ At + more accurate terms

!

Get forces F=-V V(r’) or F=F( Y(r*’) )and a = F/m

!

Corrector stage: adjust atom positions based on new a:
Move atoms: H*1) = r* + some function of (a, At)
Update velocities: v(*1 = v? + some function of (a, At)

!

Apply boundary conditions, temperature and pressure control as needed

!

Calculate and output physical quantities of interest

!

Move time and iteration step forward: t=t+ At, i=i+ 1

;

Repeat as long as you need




Conjugate-gradient

Minimalizace - statika

/

Gaussian Dstnbutions




Termodynamicke soubory

Ecole Polytechnigus

Glasgow schoal

Berlin school

Edinburgh school

Sadi Carnot
(1796-1832)

William Thomson

(1824-1907)

Rudolf Clausius

(1822-1888)

James Maxwell
(1831-1879)

Vienna school

Gibbsian school

Dresden school

Dutch school

Ludwia Boltzmann

Willard Gibbs

(1844-1906)

(1839-1903)

Gustay feuner

|[ohannes van der Waals

(1828-1907)

(1837-1923)




Termodynamicke soubory

1. Mikrokanonicky soubor ( NVE soubor)
2. Kanonicky soubor ( NVT soubor, nékdy téz Gibbsiv kanonicky soubor) - termostat

3. lzotermicko-izobaricky soubor ( NpT soubor) — termostat a barostat

Ecole Pnlwechnique! Glasgow school Berlin school Edinburgh schoaol

Sadi Carnot Williarm Thomson Rudolf Clausius James Maxwell
(1796-1832) (1824-1907) (1822-1888) (1831-1879)
Vienna school | Gibbsian school Dresden school Dutch school

Ludwig Boltzmann Willard Gibbs Gustav Zeuner lohannes van der Waals

(1844-1906) (1839-1903) (1828-1907) (1837-1923)




Cu <100> depozice

MD

time 0.0041 ps







MD — Monte Carlo

Boltzmanovo rozdéleni
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MD — Monte Carlo

Boltzmanovo rozdéleni

Di (53' - 52‘) 3
— = exp
D; kT




Vyhody/nevyhody MD

Atomu 108
. HI]‘ i L ;
Dynamika — L
(I
ns Months
Hour
Second
10-f5
Tepelna aktivace 105
; . ; 10125
Vice dislokaci
10-Ls £

Distance

Realistice rychlosti dislokaci
Diflze

Potencialy? Al




LAMMPS

Large-scale Atomic/Molecular Massively Parallel Simulator

o

Open source

(o]

https://lammps.org

o




OVITO

Zobrazuje atomy, molekuly; Basic — free, PRO $3$$; https://ovito.org

Qvito (Open Visualization Tool)

RN e,

I a ®
shearvoid_b.dump [LAMMPS Dump]
Add modification... 3
Visual elements
Simulation cell
Particles
Modifications
Commeon neighbor analysis
Data source

shear.void_b.dump [LAMMPS Dump]
Simulation cell

Particle types

o oM

Data source

Current file: shear.void_b.dump
Directory: 1s/OVITO-Hands-on/Shear_Example

Time series

File pattern: shear.void_b.dump
Found 1 matching file

Current frame: ~ Timestep 21600 | <]
Showing frame 55 of 76

Status

3060 particles at timestep 21600

Animation

Options
File contains multiple timesteps

Global Attributes Data Series - Sort particles by ID

541 75 |4 <4 ’ P 3] o\ “ @) File columns
Automatic mapping
- a - PP KA O
X:0 > Y:0 ~ Z:0 i a| O 56 s ® Lq ¥ ¥ User-defined mapping to particle properties




Bodoveé a linearni poruchy
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Prizmaticke dislokacni smycky

(a) symmetric hexagonal (b) symmetric circular
Nint = 397 Nine = 397

Nipt = 396 Nipe = 396




(a) FCC FeCoCrNi

(c) BCC AlCoCrFeNi

HEA

(b) FCC CoCrFeMnNi

(d) BCC AlCoCrCuFeNi




Edge dislocation

Dislokace

z

L.

Screw dislocation




It
Stacking fau

o

—

©

king
stac
tW‘:}’faults

W
Distance b/

T

Q. “ ...
.......
.
...."“""...
“ ........

u ........

.....
"u.ooot

®og
90%e,
ooo:iot

LT LT 94

LT 94

.—.

ary

Periodic
bound

O
ooooo
ooooooo
uuuunuooo
“"nH".v.-

<
O
<
L3053 10

<

Om

|.|-I |||- I||.| — |..|.
. .
.

<
B |
O
<O MmMm<C
0
O
<
o0
O




Dislokace

DISPLACED/STRESSED ATOMS

1

MOBILE ATOMS

STATIC ATOMS




Hranova 2<111>

View along <112> View along <112> relaxed by MD
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View along <112>, high Ep atoms




Sroubova %<111>

View along <111> View away from <111>
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High Ep atoms View along <111>, high Ep atoms




Hranova 2<111> a bublina




Teplota tani

Si melting at 2000 K

Kai Nordlund (2016)




Teplota tani

Si recrystallization at 1500 K
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Kai Nordlund (2016)
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Radiacni poskozeni neutron

3 keV Au recoil in Au @ 600 K, view of all atoms in cubic cell Same recoil event, only defects plotted
time 0.00018 ps

12

time D.00018 ps

Energy (gV)

% 90.1-

# 0.115-
®0.133-
® 0.154-
® 0.178-
® 0.205-
® 0.237-
8 0.274-
® 0.316-
# 0.365-
® 0.422-
® 0.487-
® 0.562-
= 0.649-
“ 0.75-
“ 0.866-

42 21 42
Kai Nerdlund {201 4) Kai MNerdlund (2014)




Radicni poskozeni iont

1 keV Xe ion impact on Cu

time 0.00026 ps

Energy (eV)
# 0.01-

* 0.0178-

% 0.0316-

L AL
el el

22
Kai Nordlund (2015)




Radicni poskozeni iont

Maximum energy 30000
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50 keV Xe impact on Au

time 0 ps

Yx (-190 - 190) y (-80 - 300) 7 (-190 - 190)

Ekin(eV)

(Kai Nordlund 1928, 2016)




time 0.0043 ps

Ekin(eV)

“% (-190 - 190 -220-300) z (-190 - 190 (Kai Nordlund 1988, 2016)
Y
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Unava Cu

(121) plane
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Unava Cu
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E, [eV]
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Unava Cu
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