The microscopic mechanism of spontaneous polarization in strontium hexaferrites
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Hexaferrite M-type systems are suitable for use in microwave and millimeter wave devices as
permanent magnets, as gyromagnetic materials [1], e.g., in phase shifters, filters, isolators and in
miniature circulators [2] that can be applied in electronic components for automobile and in
wireless communication systems. Recently, a large ferroelectric polarization was found in
strontium [3] and barium [4] hexaferrites that opened a new direction for potential multiferroic
candidate SrFei2O19. However, the mechanism of appearance of spontaneous polarization in
hexaferrites remains controversial. The fact that spontaneous polarization is observed in

centrosymmetric unit cell, which contains inversion center, requires revising its crystal structure.

The present work is devoted ascertaining of correlation of diamagnetic substitution in
strontium hexaferrite with mechanism of appearance of double ferroic properties. In order to
determine the real type of crystal structure of strontium ferrite, its structure was refined within
the framework both centrosymmetric P63/mmc (No. 194) and non-centrosymmetric P63mc (No.
186) space groups. The analysis of unit cells of hexaferrites in the framework both space groups
allowed determining the main reason of occurrence of spontaneous polarization in hexaferrites as
the unequal distortion of neighboring oxygen octahedra in the case of non-centrosymmetric

space group.
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I'excadepputoBble cucteMbl M-Tulla HaxXOAAT MNPaKTHYECKOE NPUMEHEHHE B IpuOopax
MHUKpPOBOJHOBOI'O M MUJUIMMETPOBOTO Mana3oHa B Ka4eCTBE IIOCTOSIHHBIX MAarHUTOB, a TaKXKE B
KayecTBE T'MPOMAarHUTHBIX MarepuaioB [l], Hampumep, B (azoBpamarensx, B ¢(uiabTpax, B
M30JITOpax ¥ B MMUHMATIOPHBIX LUPKYJIATOpax [2] B KayecTBE 3JEKTPOHHBIX KOMIIOHEHT MAJIs
aBTOMOOWJIEH M B cUcCTeMax OecrpoBOAHON cBs3u. CpaBHUTENBHO HEAABHO B rekcadeppurax
ctponnws [3] u 6apus [4] Ob110 OOHAPYKEHO MOSBIICHUE 3HAYUTEILHON CETHETORICKTPUUECKOM
HOJSIPU3ALMU, 4YTO OTKPBHIBAET HOBOE HAINpaBJIEHUE Uil TMOTCHLUUAIBHOTO IPUMEHEHUS
noTeHIManbHoro Myiabtudepponka SrFe2019. OnHako MeXxaHU3M BOSHUKHOBEHHS CIIOHTAHHOU
HOJSIpU3alMi B rekcaeppurax ocTaercss CHOpHbBIM. TOT ¢akT, 4TO CaMONpPOU3BOJIbHAS
HoJspU3alusl HaONI0OJaeTcss B LEHTPOCHMMETPUYHOM JIIEMEHTApHOH sdeiike, copeprkaiien
LIEHTP UHBEPCUHU, TPEOYET NePEecMOTpPa €€ KPUCTAIUIMYECKON CTPYKTYPHI.

Hacrosimmas paboTta nmocBsilieHa YCTaHOBJICHHIO KOPPESILMU AMaMarHUTHOIO 3aMELICHUs B
rekcadeppuTe CTPOHIMS C MEXaHU3MOM BO3HHMKHOBEHHS CETHETORJICKTPUUYECKHX CBOMCTB.
UroObl OmpeAenuTh peajbHBI THUI KPUCTAIUIMYECKOW CTPYKTYpbl (eppuTa CTpOHIHS, €ro
CTpYyKTypa ObUIa YTOYHEHa B paMKax Kak IHeHTpocuMMeTpudHoi P63/mmc (Ne 194), tak u
HereHTpocuMMmeTpuyHoit P6sme (Ne 186) mpocTpaHCTBEHHBIX Tpymil. AHalU3 3JIEMEHTApHBIX
A4eek rekcaeppuTOB B paMKax 00€UX NPOCTPAHCTBEHHBIX TPYMI IO3BOJIMI ONPEAECIUTh
OCHOBHYIO TPUYMHY BO3HHUKHOBEHHUS CIIOHTAaHHOM MOJIApH3allMd B Trekcadeppurax Kak
HEPAaBHOMEPHOE UCKAKEHUE COCEIHHUX KHCIIOPOJHBIX OKTa’[poOB B cirydae
HELIECHTPOCUMMETPUYHON MPOCTPAHCTBEHHOW IPYIIIIBI.
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