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AFLOW — SYWM

| Structure vs properties

I understanding structure to guide materials design |

e.g., symmetry and piezoelectricity e.g., p

no inversion
symmetry

e 9

inversion
symmetry

£,=0.161eV

Hahn, Kluwer Academic Publishers (2002); Zou, Tang, and Pan, Proc. Royal Sac. Lond. A 469, 2012075 (2013}

AFLOW-SYM

AFLOW-SYM tests invariance of crystal under transformations

@ 9
@

descriptions:

Hicks et al., Acta Cryst, A74, 184 (2018) 2
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Symmetry is ubiquitous

Brillouin zones/kpaths/ phonon calculations
band structures

Sit [FCC.FCO,cF8] (STD_PAIM doi:10.101 {FCGFG,cFe} pDOS
]

f .
fully identif °f

~ AFLOW database
__(no human-intervention)

characterization

AFLOW

Automatic - FLOW for Materials Discovery

Hicks et al,, Acta Cryst. A74, 184 (2018), Setyawan and Curtarolo, Comp. Mat. Sci. 49, 299 (2010)

attempt symmetry operation

4-fold rotation
{90°)

onrig - Xtransformedl l <e

Hicks et al., Acta Cryst. A74, 184 (2018) a

K3y

radius €
(threshold for mappings}
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Tolerance: Cartesian and fractional spaces

cartesian

non-uniform metric: space warping mapping consequences
cubic orthorhombic triclinic cartesian
> sl ] .
qmit < <
min Yz

fractional

Hicks et al,, Acta Cryst. A74, 184 (2018)

s
v
Z Ie)

(%) (] 3

self-consistent tolerance scan system-specific tolerance
mcl orc rhi fee
SG: #11 SG #59 SG #166 SG #225
__ gmin
€tight = dnn /100
| Y I T T U B B B |
‘l T I u l~.‘l l ] I T l 1l I L I N
o ;T 05 1.0 €loose ™ d;nl;n/ 10
i = i :
I single global tolerance . |
0.1 T T 0.3 : =
€0 €new

Hicks et al., Acta Cryst. A74, 184 (2018) 6
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Benchmark with existing packages

800 ' — S
9000 S - =
700 o
6000
600 | 3000
‘ L e R S

o
=
S

S C & oD * F R e
6“@&0; & ¢ L L .oé“(\o.*' S R

mismatch count
N ow o
2 8 38
g8 & 8

._.
53
3

bet hex rhi cub bee fec

tri mcl mclc ore orec orci

Mismatch with respect to space group listed in description of experimental structure in ICSD

Hicks et al,, Acta Cryst. A74, 184 (2018)

|

lattice point group

reciprocal lattice point group (BZ symmetry)

factor group {unit cell symmetry)

crystallographic point group

dual of crystallographic point group {IBZ symmetry)

space group

site point group {(atom point symmetry)

Hicks et al., Acta Cryst. A74, 184 (2018) 8
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AFLOW Brillouin zones
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Setyawan and Curtarolo, Comp. Mat. Sci. 49, {2010)

Crystal-spin symmetry

crystal symmetry
Im3m # 229

crystal-spin
%o %o symmetry * *
: Pm3m # 221
®e ®e *é
—

spin — degree of freedom that can break symmetry

crystal symmetry > crystal-spin symmetry

Hicks et al., Acta Cryst, A74, 184 (2018)
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Symmetry descriptions

representations for each symmetry element consistent with International
g ntomion I AFLow SV [ Sy 010 Tables for Crystallography (ITC)
*F operator o v Usgpa=| 0 0 -1 -
Hermaun-Mas 100 HES
e " & » standard space group label
[ReER—— 00 12002 —1.2002 S g *  space group setting
traustorutation At (fractional) v v A=| 12092 00 -1.2092 20 *  Wyckoff positions
Pr— — 12092 1.2092 0.0 2 = v Pl iolici
) reticionts (L, Ly L) v 8 s o multiplicity
angle . s = (057735, ~0.57735,0.57735) EY g o letter designation
Chaxis v o .
| Doptersion {oetor) \ ; wo o site sy.mmetry
[ESE— 7 =120 z8 o coordinates
quaternion (4 1 matrix) <
2 ik (P 7 q=(05,05,-05,05) T .
inversion boolean
intemnal translation {cortesian) s c= 05+05i ~05+405¢
intemal Ganslation (frnctional) v < T\ 05+05i 05-050
atotn indes map v
St e vy v 05 05 -05 05
Tattice tronslation (et fosian) v 05 05 —05 —05
Battiew tianslation (fractional) v Q= 05 05 05 -05
05 05 05 0.5
Hicks et al., Acta Cryst. A74, 184 {2018); Hahn, Kluwer Academic Publishers (2002) 11

online functionality visualize symmetry operations
on entry pages of aflow.org

FRFLOW | umos | nesva | s TR
Input Type i
v o

Symimetry .
ot Ty s hr et Tt ¢ Prunansrmas
| 8 g kend oih et s Gl ot
EBict ot e o e st
Ptiesed 1 memplmetin © R G Gavven
Frctas g Copttsien Mersst s
Kpsi e ecpecsigacs & b e
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Symmery reduced phonon calculations

lattice vibrations (phonons) : robust symmetry = more efficient than
APL (harmonic) and AAPL (anharmonic) competitors
74 a b ¢
£ . fe o
g Phonopy .- 500
] 5 o
El ¥ Ja0o
i s
° 2 3 4 5 & 7 ° 2 3 4 5 6 7 ° 2 3 4 5 6 7
] d # shells’ cut-off e # shells’ cut-off t # shells’ cut-off
Iogs a 10 7 Phanodpy _ e »
i © g Phonotpy’ | o0 P . Phomodps @ \
! 0 :§ Rl P l’s‘lmvg“TE 70; o= 527 ™1 anos % - é
Fo 0 g w0 R L e oo PR "
5 I A T B T R
i g i i 200 200 .
i 8 20
| %2 3 3 5 6 7 %2 5 4 5 6 7 o7
! # shells’ cut-off # shells’ cut-off

Next time

¢ Putinto practice
* Calculate crystallographic symmetries with AFLOW-SYM

* Tutorial
* Exercises

* Bring your laptop
* Install AFLOW software on you computer
* Set up account on our research computer
* Operating system?

~




