aaaaaaaaaaaaaaa

ZTF-FCT w
0.\: ! Zientzia eta Teknologia Fakultatea

’:’:.. Facultad de Ciencia y Tecnologia Uniyersidad Euskal Herriko
:..:;.....; del Pais Vasco  Unibertsitatea
i ]

Structural Pseudosymmetry and its
applications



PSEUDOSYMMETRY SEARCH:

We know a structure with space group H and we want to
know if it is close to a configuration of higher symmetry

? —H

pseudosymmetry search

We search for a structure with space group G (supergroup of F) such that:

Structure G = Structure F + small (symmetry-breaking) distortion




Pseudosymmetry detection can be useful for :

* Prediction of symmetry and structure of other phases.
* Prediction of phase transitions.
* Identification of ferroic materials: ferroelectrics, ferroelastics.
* Determination of an optimized virtual parent structure.
* Detection of false symmetry assignments (overlooked symmetry).
* [dentification of the symmetry of theoretical structures
calculated without symmetry restrictions (ab-initio calculations).



Pseudosymmetry search in www.cryst.ehu.es:

(X Xe) Bilbao Crystallographic Server

17 v ) = ((Cl Google

Q)

@ @ (L) [ http://www.cryst.ehu.es/

(=)

17 v ) = (Gl Google

Q)

@ @ @ @ || [ http://www.cryst.ehu.es/

First announcement and

Group-Subgroup

Representations

Space Groups Retrieval Tools

pre-registration of a School | GENPOS Generators and General Positions of Space Groups
in 2009 on this server WYCKPOS Wyckoff Positions of Space Groups
CrystallographyOnline: HKLCOND Reflection conditions of Space Groups
InternationalSchoolon MAXSUB Maximal Subgroups of Space Groups
ofheBilbao SERIES Series of Maximal Isomorphic Subgroups of Space Groups
Cryslullographic WYCKSETS Equivalent Sets of Wyckoff Positions
Server NORMALIZER Normalizers of Space Groups
KVEC The k-vector types and Brillouin zones of Space Groups
Retrieval Tools
Group - Subgroup Relations of Groups

SUBGROUPGRAPH Lattice of Maximal Subgroups

Solid State HERMANN Distribution of subgroups in conjugated classes

Structure Utilities COSETS Coset decomposition for a group-subgroup pair

Subperiodic WYCKSPLIT The splitting of the Wyckoff Positions

ICSDB MINSUP Minimal Supergroups of Space Groups
SUPERGROUPS Supergroups of Space Groups

Contact us CELLSUB List of subgroups for a given k-index.

About us CELLSUPER List of supergroups for a given k-index.

Links COMMONSUBS Common Subgroups of Space Groups

Publications COMMONSUPER  Common Supergroups of Two Space Groups

How to cite the server?

Phase Transitions.

e CELLSUPER
10-2007: New version of

Solid State Theory Applications

Mis visitados ~  Getting Started Latest Headlines N  Physical Review B ELPAIS.com: el peri6...  IUCr - International ... Apple Yahoo! > Més visitados ~  Getting Started  Latest Headlines »  Physical Review B ELPAiS.com: el peri6...  IUCr - International ... Apple Yahoo! »
New programs and Representation Theory Applications r
FCTIZTF updates:
UPV/EHU
..! u - o TRANSTRU REPRES Space Groups Representations
h b'lbao crysta“ographlc %rver 5-2008: Transform DIRPRO Direct Products of Space Group Irreducible Representations
structures to lower
symmetry Space Group CORREL Correlations Between Representations
basis.
[The ic site at the C Matter Physics Dept. of the University of the Basque Country ] ©e POINT Point Group Tables
o AMPLIMODES SITESYM Site-sy try induced rep! 1s of Space Groups
[ Space Groups ] [ Layer Groups ] [ Rod Groups ] [ Frieze Groups ] [ Wyckoff Sets ] 2-2008: Sy y Mode

Analysis of Structural

CEJEEETAER SAM Spectral Active Modes (IR and RAMAN Selection Rules)
o TRANPATH NEUTRON Neutron Scattering Selection Rules
;;2071 Minorupdateand | gyMMODES Primary and Secondary Modes for a Group - Subgroup pair
) AMDBLIMANES 3 Moda. A .1 is
o SUPERGROUPS P
T T PSEUDO Pseudosymmetry Search in a Structure
Wyckoff Positions splitting. DOPE Degree of Pseudosymmetry Estimation
BPLOT Pseudosymmetry Search with KPLOT

* SERIES
1-2007: New version of
series of maximal

WF‘ATH

Transition Paths (Group not subgroup relations)

isomorphic subgroups for
a given maximum index.

SIMPLE RETRIEV,

CELLTRAN
STRAIN

WPASSIGN Assignment of Wyckoff Positions

TRANSTRU Transform structures to lower symmetry Space Group basis.
SETSTRU Alternative Settings for a given Crystal Structure
EQUIVSTRU Equivalent Descriptions for a given Crystal Structure

Transform Unit Cells
Strain Tensor Calculation

1-2007: CIF input data,
JMOL visualization and
minor bugs fixed

WPASSIGN &

EQUIVSTRU
1-2007: CIF inout data

Subperiodic Groups: Layer, Rod and Frieze Groups Retrieval Tools

GENPOS

Generators and General Positions of Subperiodic Groups

<

three programs for pseudosymmetry search



PROGRAMS FOR PSEUDOSYMMETRY SEARCH:

PSEUDO - Atomic displacement method
DOPE - Electron density method

BPLOT - KPLOT method (R. Hundt)



PSEUDO. ATOMIC DISPLACEMENTS METHOD

H G=H+myH G

St = mySo

Maximal distance between all compatible atom pairings

Asumption:
The high symmetry phase is described by a
supergroup of the initial space group.

G=H+g2H+ ... +g«kH



Supergroups of the same type
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DOPE ELECTRON DENSITY METHOD

ELECTRON DENSITY

p(r) = p3 (r) + Ap(r)
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THE FERROELECTRIC CASE:
?OLAR GROUPS

Maximal distance A in SbSI
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Origin in polar axis

The origin in the polar axis is chosen for the minimum distance....



Search of ferroelectrics as pseudosymmetric polar structures

two necessary conditions to be a ferroelectric: (Kroumova et al. 2002)

« Polar symmetry group (it should allow non-zero polarization)

« Pseudosymmetry with respect to a non-polar symmetry group —
(the polar distortion should be small and “multistable”)

Pseudosymmetric structures among the compounds with symmetry
Pmcl,.

d . is the absolute value of the maximal displacement along [010]. For a
description of the remaining columns sce Table 2.

Compound G £ dl. di, dX. dI,

(*JINH,).CS Prnma 0028 0348 0218 0.146 0290 -
(*}CuAgS Cmem 0.038 03% 0227 0178 0301 '
(*)JCsEuNaNb. O, Pramm 0449 0178 0310 0314 0620

Ca,Mn, .Fe, [O,% Prmma 0478 0223 0343 - 0.686

BaHgS, Pham 0.284 0423 0361 0457 0675

Ca,TiFc, 0.1 Prima 0460 0347 0421 - ).761

Nd,GeO, Crmcm 0963 0469 0439 0509 0834

Sr{OH),(H.,0) Prima 0119 0388 0447 - 0895

(Feo Mn, 5 )Ta(0, )0, Prima 0.149 0 0448 -~ 0896

A-Ba(OH),(H.O) Prima 0088 0404 0468 - 0937

NaBa, Nd(S10,). Prma —~0489 0280 0536 0554 1073

Na(AlSL,O,) (H.O),,  Prmima 0467 0666 0551 - 098]

La,Fe, .S, Prima ~0.008 0.099 0677 - 1355

CaPtP Pric2, 0.179 0398 0.79%

KCu(CO,F Amm?2 0.467  0.501 1.002 @

Figure 3

Schematic projection in the plane be of the polar structure with symmetry
Pmc2, (a) and the calculated non-polar structure with symmetry Pbam
(b) for BaHgS,;. The non-polar structure is represented with respect to the
basis of the subgroup: the transformation is given in Table 3.

I Not considered as possble ferroelectrics (see text).



Known Ferroelectrics with space group Pna2,

Compound G [i]]  AmaxA)
Nb6| 11 Pcen 2 0.547
D0.45Nb6|11 Pcen 2 0.745
NaTaOg Pnma 2 0.232
LaYbOq Pnma 2 0.347
RbGeBrg Pnma 2 0.536
KoSeOy Pnma 2 0.539
CsoBefFy Pnma 2 0.174
RboBefF,4 Pnma 2 0.171
KoBeFy4 Pnma 2 0.338
RboZNBry Pnma 2 0.131
RboZnCly Pnma 2 0.463
KoZNnCly Pnma 2 0.177
SbSI Pnma 2 0.103
SbSBr Pnma 2 0.109
SONbO 4 Pnna 2 0.421
(BiO) 4 (NbO )CI Pben 2 0.623
CsTIO(AsOy») Pnna 2 0.447
KTIO(AsO4) Pnna 2 0.610
TITIO(POY) Pnna 2 0.408




Possible Ferroelectrics with space group Pna2,

Compound G [i] Amax(A)
SbyOy Pnna 2 0.581
PONCN Pnma 2 0.193
NalOg Pnma 2 0.194
YScS3 Pnma 2 0.179
CeSiP3 Pnma 2 0.648
SmBeF,4 Pnma 2 0.325
K3AsSy Pnma 2 0.227
WPOsg Pnma 2 0.457
Sr3Sb4Sg Pnma 2 0.230
Be4PrqgO9g Pnma 2 0.246
Cap.g45r1.165104 Pnma 2 0.580
Tl 1AISIO4 Pnma 2 0.590
NasUO9P2Or Pnma 2 0.559
TISNPS4 Pnma 2 0.488




Example: Sb,O, (Pna2, &) Pnna)

A = 0.581A y ng = 0.641A




Search of maximal pseudosymmetry through a chain of
minimal supergroups:

(stepwise detection of pseudosymmetry for successive minimal supergroups)

If a structure of symmetry H 1s pseudosymmetric for a supergroup G, it will be
pseudosymmetric for all intermediate subgroups Hi: G>.>Hi>..>H

P, mm& ... minimal supergroups
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