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Report:

Thepurposeofthestudywastoidentifysuitableprotocoltoproducemixedvalenceosmate
perovskites(pv)andpostperovskites(ppv).Wehavesuccessfullyproducedlargesinglecrystals
ofCa-andIr-dopedNaOsO3-pvandNaOsO3-ppvbyatraditionalmetastablepvtoppvroute(figure
1).Thatis,wehavegrownonlythesecondknownpentavalentppv.

Figure1.Thetransitionfrom pvtoppvtakesplaceabove1100Kand16GPawithrapidonset.Theppvphaseis
quenchableandrecoverable.Theinitialsamplewascrushed,hand-pickedpvsinglecrystalsandloadedinathin-walled
goldcapsule.Thesametransformationhasalsobeenobservedwithpvloadeddirectlyinh-BN.

Inaddition,wehaveproducedNa4CaOs3(OH)24,thelargestorderedprotonatedhydroxidephase



yetencounteredandanumberofhighervalenceosmates:hexavalentNa2OsO4andheptavalent
Na3OsO5.Moreimportantly,wehaverepeatedthesynthesisofSleightofKSbO3-typeNaOsO3and
shownthatitalsoexistsinarhombohedraldistortion,distinctfromtherhombohedralilmenite
formthatoccursinotherKSbO3-bearingsystems.Weshowthattherhombohedralformis
stabilisedbypressureandthecubicbytemperature.Thehighlightisthatppv-typeNaOsO3grows
directlyfromtheKSbO3-type,Figure2.

Figure2.Aseriesofsemi-continuousx-raydiffractionpatterns
collecteduponpressurizingandduringtwoheating-cooling
cycles.Shownistheloweranglepartonly.Ofnote:A.Increased
splittingofthe(110/1-10)pair;B.LossofNa2OsO4C.rRtoc-
NaOsO3transformation.D.Quench,endheatingcycle1.E.‘s’-
shaped-kink,onsetofOsO2andcrystallizationofppv(F).G.
Quenchendofheatingcycle2,followedbyreheat.Simulated
diffractionpatternsforc-NaOsO3,OsO2 andppv-NaOsO3 are
shownaskey.Otherpeaksareduetoh-BN(thefast-moving
peakat~4ºisthe002)andthe111ofMgO,atabout5.4º.

Thisisanentirelynewanduniquedemonstrationof
thismethod,whichforegoesanypvintermediate.It
alsooccursat10GPalesspressurethanthepvto
ppvtransformation,probablydrivenbythelarge
competingdensities.At1barpvisdenserthanppv,
attransformationitis1-2%lessdense.At6GPa,ppv
is10-12%denserthantheKSbO3type,soclearlythe
pressureeffectcanbeconsiderable.Atintermediate
pressurespvisonlyencounteredathighest
temperatures.

Oursynthesesmadeuseofpresyntheticmixesof
KSbO3+Na2OsO4(=Na2O2+OsO2+10mol%excess
peroxide)andpv,providinganewwaytoovercome
thedrawbacksofusingPtorAucapsulesforinsitu
measurements.Itmaybethatthecapsules
themselvespromotesynthesis,ofpvinPt,in
particular,thoughwehavenoevidencefromEMPA

foranyPtorAuincorporationinthepv(etc)phasesynthesised.

Ofparticularnote,estimationofthelikelihoodofpvtransformingtoppvbyanyusualmethods
(pseudocubictilt,volumetricratios,etc)failsforthiscomposition.Therefore,asalso
demonstratedbythesynthesisofCaIrO3,theonlyotherknownpentavelentppv,theserulesmust
bereestimatedfortheproductionofothernewppvstoichiometrieswithpentavalentcations,
whichmayalsoforegoanypvprecursororintermediate.






