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� Build databasedatabasedatabasedatabase for ternary AlAlAlAl and FeFeFeFe----oxidesoxidesoxidesoxides from the ICSDICSDICSDICSD,

� Use TOPOS for dataminingdataminingdataminingdatamining (intercalation and ionic conduction),

� Apply VVVVORONOIORONOIORONOIORONOI----DDDDIRICHLETIRICHLETIRICHLETIRICHLET and BondBondBondBond ValenceValenceValenceValence SumSumSumSum approach to identify possible intercalation

compounds and ionic conductors for multivalent ions,

� ExperimentalExperimentalExperimentalExperimental evidence of intercalation/ionic diffusion,

� Influence of crystalcrystalcrystalcrystal structurestructurestructurestructure on electrochemical properties

OutlookOutlookOutlookOutlook

VVVVORONOIORONOIORONOIORONOI----DDDD IRICHLETIRICHLETIRICHLETIRICHLET ApproachApproachApproachApproach

� Developed by V. A. Blatov [5],
� VVVVORONOI-DDDDIRICHLET PPPPolyhedra of 

structure, except conduction-ions,
� VerticesVerticesVerticesVertices of VDP correspond to voidsvoidsvoidsvoids in 

the structure (ionsionsionsions possible possible possible possible to enter),
� VDP-eeeedgesdgesdgesdges are channelschannelschannelschannels between voids
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The “Crystal The “Crystal The “Crystal The “Crystal electrochemistryelectrochemistryelectrochemistryelectrochemistry” approach” approach” approach” approach

� Conduction-ions need to:
� FitFitFitFit in void,
� TravelTravelTravelTravel through channel,

� Program TOPOSTOPOSTOPOSTOPOS: VDP-algorithm and 
data base handling [6]

NaSIConNaSIConNaSIConNaSICon –––– an examplean examplean examplean example

� NaSIConNaSIConNaSIConNaSICon – NaNaNaNa+-SSSSuper IIIIonic ConConConConductor
– solid electrolyte of high ionic
conductivity mainly used in Na-S
batteries,

� NaNaNaNa1111++++xxxxZrZrZrZr2222SiSiSiSi xxxxPPPP3333----xxxxOOOO12121212,,,, 0000<<<<����<<<<3333,

� 3333DDDD-ionic conductivity mediated by two
Na-sites and a proposed intermediateintermediateintermediateintermediate
sitesitesitesite between NaNaNaNa1111 and NaNaNaNa2222 [1, 2]

MotivationMotivationMotivationMotivation

� Electrochemical energy storage: most promising candidate for renewable renewable renewable renewable ressourceressourceressourceressource technologiestechnologiestechnologiestechnologies, 

mobile devices mobile devices mobile devices mobile devices and electromobilityelectromobilityelectromobilityelectromobility,

� LithiumLithiumLithiumLithium (Li) most prominently used: limited abundanceabundanceabundanceabundance, pessimistic predictions show problems in 

the next 50 – 100 years,

� Materials of higher abundance and more efficient recyclabilityrecyclabilityrecyclabilityrecyclability should be investigated,

� CryPhysConceptCryPhysConceptCryPhysConceptCryPhysConcept (BMBF-financed joint research project):

Combine crystallographycrystallographycrystallographycrystallography, electrochemistryelectrochemistryelectrochemistryelectrochemistry and resourceresourceresourceresource aspectsaspectsaspectsaspects to find new concepts for 

electrochemical energy storage,

� Crystallography especially important for ionic diffusion ionic diffusion ionic diffusion ionic diffusion and intercalationintercalationintercalationintercalation

Bond Valence SumBond Valence SumBond Valence SumBond Valence Sum

� Measure of bond strength and valence, 
depends on bond lengthbond lengthbond lengthbond length, coordination coordination coordination coordination 
number number number number and chemistrychemistrychemistrychemistry [3],

� BVS (Vs(x, y, z)) of arbitrary site [4]:
� VVVVssss < 1< 1< 1< 1: ion can migrate,
� VVVVssss = 1= 1= 1= 1: energetically right site,
� VVVVssss > 1> 1> 1> 1: ion cannot enter,

� MapMapMapMap whole structure

VVVVs s s s < 1< 1< 1< 1 VVVVs s s s = 1= 1= 1= 1 VVVVs s s s > 1> 1> 1> 1

Crystal Structure (Crystal Structure (Crystal Structure (Crystal Structure ( ))))


