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What's a phase transition?
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Deville S. et al., J. Eur. Ceram. Soc. 2005 25 3089-96
El Attaoui H., J. Eur. Ceram. Soc. 2007 27 483-6
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ZrQO, has 3 allotropes: cubic, tetragonal and monoclinic
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and the t->m phase transformation is martensitic in nature.

Kelly J.R., Denry I., Dent. Mat. 2008 24 289-98
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Phase Transitions
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Hearey I

(or reactions?..)
[Check http://imgur.com/a/6 VwFa for the animated gifs]
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Pseudosymmetry Search

Initial Structure Prototype Structure

Structural

H Pseudosymmetry G
Low Symmetry D,-S:;tion High Symmetry

If the distortion is small enough, it can indicate a
symmetry change at high temperature

!

Phase Transition
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PSEUDO

» Prediction of phase transitions

» Search for ferroic materials
" new ferroelectrics
" new ferroelastics

> Prediction of the symmetry and structure of some
other phase of a material

» Detection of false symmetry assignments
(overlooked symmetry)

» Space group determination of a theoretically
determined structure (e.g. ab initio calculations)

» Determination of an optimized virtual parent
structure (paraphase)
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Symmetry and lack of it
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Atomic Displacements Method

H G=H+mH g

Maximal distance between all compatible atom pairings

Assumption: The high symmetry phase is described by a
supergroup of the initial space group
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Supergroups of Space Groups

Any group — supergroup relation can be represented by a chain
of minimal supergroups.

G>H -» G>..>2Z,>2, >H

Stepwise detection of pseudosymmetry for successive minimal
supergroups.
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Supergroups of Space Groups

Any group — supergroup relation can be represented by a chain
of minimal supergroups.

G>H -» G>..>2,>

Pﬁgmmr\K ... Ininimal supergroups

I ‘ Pf3/m ‘ P¥322 Péame ... minimal supergroups
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Search for ferroelectrics as pseudosymmetric polar
structures

Two necessary conditions for a structure to be
ferroelectric:
- 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™)

N Pmc2 Pbam [Max. Displacement : 0.49A4
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ver — Pseudosymmetry search

Pseudosymmetry search

— Please, enter structure data in the text area (or load CIF file).

We are developing a new version of PSEUDO. It is currently in beta version and it will be available soon. Please, let us

The program PSEUDO looks for a pseudosymmetry in a
structure among the (minimal) supergroups of the
structure's space group.

The first step in the program is the input of the
structure's data. The data can be given using the form
or it can be loaded from a CIF file. The necessary data
for the structure consists in the number of its space
group in the Intemational Tables for Crystallography,
Vol A, the lattice parameters (in A and degrees), the
number of the atoms in the asymmetric unit and the
corresponding atomic positions.

Then, it's necessary to select among what type of
supergroups the search is performed. The available
options are:

* Minimal supergroups
+ Supergroups for a defined cell multiplication
= Supergroup for a well-known transformation matrix

Another option (only for triclinic and monodinic groups)
is to check first the pseudosymmetry of the given cell
(obtaining the possible lattice transformations for a
given angular tolerance and checking if they are
compatible with a space supergroup transformation)

Finally, the program needs a maximum allowed
tolerance for pseudosymmetry calculations, i.e., the
maximal allowed displacement of the atoms from their
high symmetry position in Angstroms. Normally a
default value between 0.75-1A is a good choice.

When you have filled all of the data, dick on the
[Show] button to search for pseudosymmetry with
respect to the chosen supergroups option.

To get a tutorial about this program click here.

If you are using this program in the preparation of a paper, please
cite it in the following form:

C. Capilas, E.S. Tascdi. G. de la Flor, D. Orcbengoa, J.M
Perez-Mato and M.1. Aroyo. "A new computer tool at the Bibao
Crystallographic Server to detect and characterize
pseudosymmetry". Z Krist. (2011), 226(2), 186-196
DOI10.1524/7kri.2011.1321.

If you are interested in other publications related to Bibao
Crystaliographic Server, click here.

http:mku‘u .crys{.e hu.es

Any comments and/or critics are welcome, tool.

know if you experience any problem with the program or you find errors. The e-mail for contact is cryst@wm lc.ehu.es.

Formulae NaSb3F10
Structure data Browse...
[in CIF formaf] HINT: [ The option for a given filename is preferential |
173
8.285 B.285 7.600 90. 90. 120.
5
Sb 1 6c D.8837 0.2243 0.25
Na 1 2b 0.3333 0.6667 0.167
F1 6c 0.204 0,393 0,994
F 2 6c 0.111 0,229 0,340
F 3 6c 0,035 0,491 0,261
F 4 2b 0.6667 0.3333 0,245
Initial Structure (LS)
Select supergroups type for pseudosymmetry search.

1. Minimal supergroups @® [Show only indices in supergroups table]

2. Supergroups with k-index I [l

3. Spedify supergroup transformation G: 221

Rotational part Origin Shift
1 0 0 0
Transf. Matrix
(in option 3 only) 0 1 0 i}
0 0 1 (i}

4. Lattice Pseudosymmetry with minimal

supergroups Ang. Tol (in degrees) 5

['] Only for triclinics and monocinics.

Enter the tolerance (maximum allowed distance) for pseudosymmetry search.

Maximum A: 2

[l

c Server

For comments, please mail to

Example:
NaSb.F,,

(Problem 3.15)
Structural
Data

>Search options

/

} Tolerance




This transformanpn is mvahd under Wyckoff

a,b,2c; 0,0,2 E ;
1 VWyckoff
a,b,3c; 0,0,3t ; Splittiamenaiﬂ

Details..

This transformation is invalid under Wyckoff
a-b,a+2b,c; 001 Splitting criteria.
Details..

This transformation is invalid under Wickoff
2a,2b,c; 0,0t 1425 4.1 7 5000 90.00 90.00 120.0 Splitting criteria.
Details..

This transformation is invalid under Wyckoff
a,b,5¢c ; 0,0,5t .2850 B. 1.5200 90.( ). 00 120.1 Splitting criteria.
Details..

This transformation is invalid under Wyckoff
a,b,7c; 0,0,7t .2850 8.2850 1.0857 90.00 90.00 120.00 Splitting criteria.
Details..

This transformation is invalid under Wyckoff
a-2b,2a+3b,c; 0,0t ||3.1214 2.1314 7.6000 90.00 90.00 120.00] Splitting criteria.
Details..

This transformation is invalid under Wiyckoff
Splitting criteria.
Details..

(oo [ [ [ e[ [
o[ [ [ oo i R

§ - s -2a-3b,-a+2b,¢ ;

This transformation is invalid under Wyckoff
11 1 | P63cm 185 o 1 a,b,c; 0,0t 8.2850 B.2850 7.6000 90.00 90.00 120.00| Splitting criteria.
Details..

HINT: The initial structure is polar, which means that, in general, an origin shift will be necessary to minimize the displacements between the initial polar structure and the
hipothetical idealized parent one. Please, insert a minimum grid for the optimization (in Angstroms)

Grid: 05 |

Bilbao Crystallographic Server For comments, please mail to
hitp/iwww.crystehu.es cryst@wm.lc.ehu.es




Summary search results

Pseudosymmetry search among minimal supergroups. Exa m p I e: N as b3 F]_O

Case # |Supergroup G |Index i | Index ik (P,p) Tr. Matrix Amax | Umax
1 | Pesm(176) | 2 1 labec;000{t ©o = o1 0[1.40100.7005
2 | Pes22(182) | 2 1 labec;000[0 o 01 0139406992

3 | Pesmc(186) | 2 1 labec;000[0 o i 011 00.8948 (4479

3# Supergroup P6zmc (186): a,b,c ; 0,0,0 and index 2

Displacements:

Atom | Idealized Coordinates Uy Uy uz Jul

Sb1 ||(0.8297, 0.1703, 0.2500)0.054000 |0.054000 |0.000000 |0.4474
Na1 ||(0.3333, 0.6667, 0.1670)0.000000 |0.000000 |0.000000 |0.0000
P63 /m P6322 P63mc F1 (0.1965, 0.3930, 0.9940) |0.007500 {0.000000 |0.000000 |0.0621
F2 (0.1145, 0.2290, 0.3400) {-0.003500 {0.000000 |0.000000 |0.0290

@ F3 (0.0350, 0.5175, 0.2810) [0.000000 |-0.026500 |0.000000 |0.2196
F4 |(0.6667, 0.3333, 0.2450) [0.000000 |0.000000 |0.000000 |0.0000

A




P6,/ mmc

P6,22 || P6,mc




Example: NaSb.F,,
P6, -» P6;mc - P6;/mmc

Max. Displacement : 0.704
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Example: Pb,MgWO_(Problem 3.11)
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Examples++ (and then, some more...)
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Glaserites (we're a big, big family!)
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Thanks!
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