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What's a phase transition?



ZrO2

Deville S. et al., J. Eur. Ceram. Soc. 2005 25 3089-96
El Attaoui H., J. Eur. Ceram. Soc. 2007 27 483-6



ZrO2 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



ZrO2



Phase Transitions

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

http://imgur.com/a/6VwFa


Pseudosymmetry Search
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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)



Symmetry and lack of it



Atomic Displacements Method

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



Supergroups of Space Groups

G > H   →   G > … > Z2 > Z1 > H

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

Stepwise detection of pseudosymmetry for successive minimal 
supergroups.



Supergroups of Space Groups

G > H   →   G > … > Z2 > 
Z1 > H

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

If a structure of symmetry H is pseudosymmetric for a 
supergroup G, it will be pseudosymmetric for all 
intermediate subgroups Zi.



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”)

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”)

Pbam  [Max. Displacement : 0.49Å]Pmc21BaBaHgHgSS22



Structural 
Data

Search options

Tolerance

Example: 
NaSb3F10

(Problem 3.15)



Example: NaSb3F10



Example: NaSb3F10
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Example: NaSb3F10
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Example: NaSb3F10   
   P63              P6→ 3mc        P6→ 3/mmc

Sb

N

F

Max. Displacement : 0.70Å



Example: Pb2MgWO6 (Problem 3.11)



Examples++ (and then, some more...)



Glaserites (we're a big, big family!)



Thanks!
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