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“Mixed Is Different”

FRICZ2—ALI—0D [BES] a&kEIN. FLE
BEAMRITESRBRVERICIDEREZVNTVDDT, B
I EZELDELNFEEAD. TEBMWEETL,

ST, FIFMBEAR [1EE7 ZF V{LEWMDAIE &
#EEl TYN IRDR->TRERD & BIAERL SFZFM8
HHRICINE T 20 THRIREN T & E(FFEMEEZE HREL
LicWEDBIEAZ (T, bW TT L] & <3|EFZ
(FELEA [EEE> TZORIEHFDER|CIFEZX TL
FEATU G ST FIRENFEEBVLZEEFU KL
DLIESBWVWTY, BE7 Z_FVYEBEBSEEL<HSERM
SN, MREBSNTEF U, BIEMICHVTHRZRO—EB
HEIVRPERCEETRADEVSTEAREIE LM oHD
F9, EOLOBYIDOT, TN OHDEET ZF )
BICHD DN IEBICEEN D DE T, INFE THOHEE
PRRBRERRCSINS BT TVRE, COFFMBLER
DBERIC, KRNMERURRAF Y E U THEAET DEIKR
LY P RELGRIVEA B DBELCWORENG D VD
ZEDDMD, FICRKWCOREEEARUCTVET,

ECAT, [FERE] SLWSEENF+ v FIE—M
I BEOND LSRR >TEDIFBEGEET «+ —/V—%5|&
B Uil S RBLEEORAELURETHD L DICHE
W& T, FLIFFRITEC., RRAZWMHEHRFPFIOFRRG >
TV BRAREPECETL. D EENHE < FYERE

2 BF 27 LBV DRIE & FEE

85&IC

HfiES  _EH (=}

EREITDLDICHBDE L, TDORIFREAZEZED
LEZPMARECVT, ARI)SEBLEEOTFICED
DAL ERRERILY) - DIV ALY DER E 8IS -
PIEIFZE L CWE LIch, FBREE WO EEEdh &
DHDEBATLU, SHEZFEFREEOD metallurgy DE
T, TEROBEHOMRICHEZHRLTNDEDIETUT,
RENOTRAER, [ LHE. BRNICEFENHD.] & &
{E>2TLWF Ul ZTOREMNKRECLLS DO BRBVAE
DHFFTIN, VEMALFSCHER (RER) DORRO
EOBINLET, EOLOIBANEEDLDBBETE
RE (FHR) TTRINSEDEEDLSBYEBENTE,
ENONEDLISBUEERINMNE FSICHEHH (REER)
OHFICHEELET,
VEIFHRLZBITR B SNTLWD DT, HEDHEAS
DENEZ 6N, FINBERFEFIESZCBONDHE LNE
TAN TREVEN. CZHEEOLULKRTH T oM,
Fle. BAAVERBDPTVED, BAFVICBODPIL
HORECHTON, HAEDBEMIRDREREDZET, £
Nic, BFET CEHINDIEEBRENBEDHRS "FH
2OEE hb D, BEELRCHITYE (DF) HtDL
SCFwEFEEA, BEBEREENEDOH TR (14)
D—EB=MDITER (7)) TESBRA L SBEBRR @
BR) E HEDFO—HEMOITR CESIRA oL




SN FEELS T, BBEYE, FEFREHBSN. Y
BEEADDON LW >TEBRBEHDET, Fao 20 i
(RO TYEBERREIBRACRK D, RICTHFYEH AR S
NDZPTEBICTFPEZRAIRTDDIE FEAETDEN
EWUTEEZRDITDEDRBEHDT, MBDLELWEHER
FI, RICHFVEBOEMICHINL TH, TNHAEAN LI
RSB THNE. FBEBUY. AFAak>THY
BREICHINEFEARVWESBAE (ZB) "HDxET,
ZHZHFWEREEVWSSEICIE BLCHDEOESHD
HIEDTHEREECTREET > IEORRELOER
GtHhdLSCENET, TOLSCHYBRETEFHD
ZLWETIN FIAE INEIYPBELIHERINTNDIC
HHH D ST, ARESEBLERDLSC, U2<D
T2LEIBHDOMEINTVWELDIC, FREFLEOWLA
EesnchahbnEzth, Fie. BINOYIETH.
ERBHENRESNDBESEHDET, holz. Fi
BREEREFEHVWEWSZEEHEEAET, SETILRLHD
ZRIRL. TNAERLGEELZR >TUNE REDEUV
ERDFET, FSCIIICHDERMFADRMENHD S
AFET, AF, FLBERFEORRELEST, ELTER
MEOEMNTIEEE R > TETWVWDDEFYERFICE -
THDIWVWHELETY, HK3ID U9 —THFIBEINEMS
na&nH LnEths

Mxed Anten

COFFEMBEEARCIE BEYE. B F. AR
TUY R EOHMBRZ BE BRLESELNBT O
RENRBELTVWET, TNoA—NER>TEEP S
YVORIRE, FEEORECIHDHBEATNET, T8DH5,
C DM DIFEE “Mixed” ([CdHDFET, PW. Anderson
(1977 &/ —R)VYEZFE) [FRIFES Science [CHLTZ
KRICEIFTDELNEMHRE “More Is Different” &3
LEUTze COFZEMBEARIE EST ZF VB O
LWREBEEBRIT o] 2BELTVLEY, INIEFSIC,
“Mixed Is Different” DR DA ZEKRL T, €1
CE—EBOES7 ZF VNBEORENREBDTL &£ S,
“Mixed Is Different” DFTHFREIR(C[A)(J TERDIEEICK
WCHIRFL TL&ED,
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mn FEEIARELD

BET7ZA VHEMEIBFE > TRELL 2FEB DB
BOFUE, Z1—ALY—2SHERSNTHHDEIC,
EHARDILC & > TRIERVWEZ ANV A 3DHD
FLEDT, SOEFCDFEEDPNCEESVWERVET,

=9 EED 8B LBICIAIC 2838 THESNIH
PMESERE EFRI—Ib. FEAILEE. 2AHRH)
TY, AOIVT T RHRI—KLTHS, [FLWVWHEEH
Rl HELCHLLIIBLETD (—A20M!) KS(CBRDIER
LIlATEF LT, BFFE 1 BO2GEE. SEOFv I A
T2BEHRSERHEL CERLFTHRE. &< ETHEN
(CHT. HDVWFHEMNER L TRUTLWELIEA 8
BOKFBECTINDBENEZEDLD, Ry & LTEFRHICS
B ESBO>TVWLKHELAICR > TEFE U, BEREK
HEERMNS, RBODINRD, LWsWaEBWE G
@RR) OEh s, GAREAEAETTETHED, 20OHF
CERFHLBARERDD2EDHENLDEHDE LR,
NEA VN HEDTHEr BEIZBARBWEEDHE
AROMEN DD FE LT, Fleo MAZDZEESARFLT
BRCHA IV R EZZERITDONHTOHICAR > TET,
WEWEHARDFTRIRTTICEATRRBEUAN LE Uz, &5
(ZlE —BNINICHADEXVIN—DHRENEHNIC
DA > TOWKREBHMEICEAF Uic, IR TIH o,
PEOER] F7O0ITT EFETDODEARDBH

4 BF 27 LBV DRIE & FEE

mElEirtE R F

RELEIFBSOTIN, ES5EFHLITOFENCOER
MO URERESNDDH DD R ERUE LIz, LA LR
Mo, AENRERZERY E L RS LRITNERRE L
TEBDoNFE B A, ERPHEN I FUANRDHOND
NESIME ZORERNMREIN THENEHDEERDTH
BOCENBZTEBVWCEIFEDRHETCEEULEFR
WETDT, NN OHARZDBETT, BIFEHETHIC
JEHELWNTHER> TLREEL, BB, WESEDSS [H
ERIVEE] OBEOFHBEIE, Ry b TRRLTVWETOT,
CHEFEA D D5 (EHE LS LN,

RIS TTBICEEE CHESNEEMEZDOERS
% [New Trends in Solid State Chemistry: from Oxides to
Mixed Anion Compounds] T9, L DFFIilT & SMIEH
EHE (NECFBMEEDO LHESRENFT 7)) T Bsh
Mo 9BEEL 12 BOBFEFREBEEHITUOLFE L, #F
MhoEBHOSNEN DD Ulc, RFBOMINIE FEE
BEEHCTBMBEOUNILTREDEEUTVEITA =
55U VEE (—REBREOLANILBEBAHISVEHDOTLR)
(CHIZ. BERNBHARWNCED EAD, RFEQFARMINCHE
DD TERLWAERBWE T, NEDHDVWDVNEEET
DDEHETNTHAIVRICEPLTLEVE LT, Al
CONDZa1—ZALI—THEDHT (FLT SHDOE
EECHHD) LAREEDT L —X [Mixed is Different



(&, ¥IE @ Welcome Party @ & & (CEEZES O Kenneth
Poepplemeier o £ BN S N, F 7=
Franco Zc4= 2 HE® Banquet D& EDAE—F Tl [EH
AEZF Gordon RFED LS TH D, BIF P I P TINERIT
TIELWL.] EBOTWIREF U, 2OfthiCH, ER.
ENTERFEMABEBD > Tey VRI T AR N DO FRES
N, XFEELUEHEEL TWET, 887 _F V% %ZH
AWEBI)CU—R LT, EEH LS ETOW<EETY,
REFTETCEHDFELEAN, ESF7ZA /MEEYIC
gLt a1—iX (1 bkJU: Expanding frontiers in
materials chemistry and physics with multiple anions)
HERFZMO X NN —=HAhih (BE)
& 73 > T Nature Communication (DOI:
10.1038/s41467-018-02838-4) [C#ZE
L7cZ &TY, BHRERISRED, &
NDZa1—ALI—NHBIAICIFTTIC
HiRENTWBIETTT, 7BHhH 10

Miguel Alario-

Mxed Anten

BETIDHEBICLEBENAEDECHFE LR EFIHS A, #
SAICERERIEBESZPNMILELR)., &7 ZF V%
(CBET 2LERH (BIXIE. BEMLY) TOLE1—mY
FINETLLKDEDDEITH, EFEPEDAERAEREL
feLE1—mY IR ERbET, ZnmITE GBI
THhHh2EDD) MESF _AURIZOIVET N AR—
RACFHEEDBDRIAIERDE Uz, EiLTELSICES
F_AVOFBEFEEOLASRWVNCEEFBVWTTA, D
JAVET MAEKRO CRFICHRICIIDZ ECHBNIEENT
I, FIC. BMEP ZF MEEWICHTICED > TLWRWAIC
FRVEBAICRDEEUTVET,

BEPZAVHEOLE1—-RNDEE 7 8DS5558 (AN DIEWL. Fil. Poeppelmeler He
RADLHEE) . 11 BOBEHERRED & ETRS.
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BEMRERICEDWCRE Y —F VLS DFEF

STEZE A0

SRR —T TR B - BEPREDES I v IRIC
LT BRI LR O mh S ERTTE D EE Y ER &
TRETHULWESP A VLEWERBITD & x2BIEL
THO, AIEC, FRES7 4 VvEMAETRECT 2REMOE
HCHFHLTWD, AgTlIE, BARITIL—THERETD
TEECLDES T v IREMNMEST ZF VHRICEHTE
DTHA52 &, LU AEFARTRELIEST ZF Y
ItEWEBNT 2,

@ EEHAUILRF L AN TEH—RBHRSE

TSIV IAOEMFER BEEA RE (BR & =8
BICKBIEND, EDDRTRIBERL. BINEOBENTTRZS
UBRERAEL. MASCFNEBCELDZIALEREZERDE
FTFEDcH, BERNCE BRORFLANILOE—ENRE
ENFMRDEHEIND, UH URBDSERICE TTRDBE

—(@)
—(b)

Aem = 536 NM Jex = 440 NM

- N
(&) N [é)]
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T T T T
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1 (a)iRHEEFETIS (o) EFEEZEFIR U THER UTcEu™ BEE
Ba;Sis01,N,DFIEREIANT ML iRiBiEZRALDIET
FEABEN2.2(8IC,

—FH T REBBRFEHOBFEDLERL TVWSD, £<ICFY
Y DKBEBARODREFESTENLTHED, ERTIIRETH -2
SBIBEMKBRE U TCHREICIRD ZEDTEDFI VLEY
DEIBCHIIL TS, COREEEFFTDIE T, SHEEE
REZIVIADEMEEML TS EICNA, BEFI
DEMICH T, anatase FlP rutile BUEE D A 73 59, BETO
SN REE 7 brooikite BUNEBEREREELF Y >~ T 2 TO,(B)

6 BF 27 LBV DRIE & FEE

RIERZZTTMERNPHER B BA. W &

EREDEENERLRD DT, MEPLRZIEDCH DT
[FASEICER E LTI L. SRS DERT L ANILOE—ED
ENSNIMREMAETD CECHENHES 2 &AL, Ui
RIN—TTlE THRAEBARETDIETRRIED “EE
ZRIIEICIZ, BROBFLANILOEH—4ZFRELIEES S
v I RGN TJEEE BRDIBAEESEL T EILT 7 ARBBIAE
HERE LIRS A R AR TEMAL. I v IR0
ESEHrelEteR=REL TSR (®1) ", BATIE #
FRESFEAVDCEICEL>TOHEONDIBEIMRES T
THA VMR ORFICHIILTE D, HEEOBERM S BEE
ERDHTRUEY, INBOREMAZBESANTHETSE T &
HEERIBE T Z A VLW ORRCHINL THED *° SEBER
DEHNRBEST ZF MLEWOBHFEIEMSINDE O & HAT
DRGAL-H

2 KBEFYVEGFEREREUVUTRVWTE/M U
TiO, () KIFDTEMEEETIO, (b) DiEE,
SIBHETIO, (b) -/ KIFDEMIC A,

hEondZex8HURZ (E2) ¥, & <ICTOo,B) DERLIC
BVTIE NELCLDPWOTH/RFOEMIER SN, &
BILEETECLD, SEBEEARN—TULEBtFIVZBEDOE
RPEEAIHETIRETH D ", TOLDICERBESEVWS T/ &
FRREWSYIOESEAHIHUIRIFIE. 887 4 VtEY
DOERE L TTLAPETE, BHOHBEHRAIEEL T2,



O T HRERICLDHRES Y Z 4 Y DFIFH

TSI v I ADOMEDINEEBSE,. TRER Bl ABO
EVWSEEYIC L, BITEIC CuERBHRL, ABLC0 &R 3
MBZEMT D) hadbNd, AARTIL—T(CHNT, =%
ROFIREANAZBNE LIcSEZI£REEMITH T 2tHE
AT > T e & T A, BaALS, (P2,/m) +° NaBaPO, (P3m1)
(D BaZ Srv Ca CBIRT 22 & C. RBIREAE (XER DERE
BEEBTD (Ba,Sry LALS, (P2,/c) ¥ NajBa,Ca (PO,) ; (P3,c)

3 BESR XRDAIEICKDREUHRILEY
BaYSi,O;N MRS

Ba, Y B&LU S ZAKICEDHBEMEINETICHSNT
WRWZ Eh B, RMEEHID TOHITH D, FHREELY)
BaYSi,O;N ZR&H{A & LT Ba [T Eu* %, Y [C Ce® ZZNZNE
BTDEEMAE L THEEL (B4), Inon&EMEEL
TORMEER., EhDEEM LR L THENTERB L, —A T
HARHAE U THBEL R WMESHIDEIET D&MD, Ba, Y.
SiZINTCESOREBLYDNENAOBEE L THEET 2 &%
BHUCEICRERBREEN DD EWVZ D,

THICRA BIEMEDITHCEEST AL TDIET, #
DEEHEIICELL DD EEBHUT, SrSiO; & BaSio; 1&
SLLHh RN DBIL TH D, SrSio; (& Si;0, 1= v b Hh5iE
Bien2i@E (a B) OHAEED—/5T. BaSiO; &, Si0, 1=

Mxed Anten

EVSFIRESHOERICHINL TER Y, BELCHWVTIL
A1 F VHEREDARETE Ba DEHIA, NS CalCkDIEETNDD
EICEDFLWBEEFRL TV, TOTEhD, RESDE
RENDFAVEHFIEDIET, BE7 A VICHVTHHL
WMEEHERT 2 EEX Tz, £ CRLIZDIERICEVWTRSR A
Tofc& A, BaO-Y,0,Si0,SiN, Ba&YDAES(COV b
SARNHD) ([CHWVWT, FRLEY BaySION (H3) =RBH

FICE 7",

Aem =459 nm (@) A, =291 nm (a) _
412 nm (b) 347 nm (b) @
14 —(b)
=
é 0.8
£
3
N 06
@
£
S
Z 044
0.2
0 T . T 7
300 400 500 600

Wavelength / nm

4 (a) EU* E£7z1F (b) Ce™ BRiE BaYSi,0N D
FHEEFENE A RT ML

v MATEREBUCERES (B 1) HEMTDIENRES
MNTWD, BaySr,Si0; @B TIE g BIEXNHBLZ08LD
AREVWEGTOAFERL. B BAEENTDOECIE B XD
ARERBaDMMETHDEWZ D, & AN SISOz EWVVD
Ba &R LBREEYN, XN 01RET g BAFEMITD &
#REUT Ba EWSREQAFTUABECHFELBVEIRN
BRUWED, HDITHRBREZROEFELCEIDEMLULZ LG BEY
—FAACENORT VY P ILERLTVND E VR D,

UEn&SiE, BEPZFVELEVORREZNEDTIEEICT
DEAMFAGICEET 2R EED TH O, BERLDIHEHERNEE
HSE2 & T EFMRAREESEITTULERLL,

[11 BIZIE. M. Kakihana, J. Ceram. Soc. Jpn., 117 (2009) 857.
[2] C. Yasushita et al., J. Inf. Disp., 13 (2012) 107.

[38] H.Kato et al., J. Mater. Chem. A, 3 (2015) 11824.

[4] K. Maeda et al., ACS Appl. Mater. Interfaces, 9 (2017) 6114.
[5] M. Okazaki, Dalton Trans., 46 (2017) 16959.

[6] M. Kobayashi et al., Chem. Mater., 19 (2017) 5373.

[71 HIZIE M. Kobayashi, J. Ceram. Soc. Jpn., 124 (2016) 863.

[8] T.Hasegawa et al., ECS J. Solid State Sci. Technol., 2 (2013) R3107.
[9] M. Kim et al., Dalton Trans., 44, (2015) 1900.

[10] M. Kobayashi et al., Chem. Lett., 46 (2017) 795.
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%”E?L%Uﬁﬂ(c_ot%) ERU RRBERBORE

E (ng <¢%§n§n —

HLEEA, CaH, ZRWF 9 VEIKREWDERMICH LT,
FZAVEADEANCLDRINMEEERE LT, thOBRE D
Ht, SETERTIDIVRIGTEREINTELRERNE T
DEEUNPESHCRDDDOH D, MOBEEEREDLESL
LR THBN LTz,

1 F VBRI, 1 VI —HAlb—Y 3 VIR ECRERSND
FRTZADIVERINE. BERBEDEXRASEARLDDO—EDE
FHEER BA BESE2FE0ETHD, RKIC CaH, #FH
WEERTOE FU R/ BERTIRE, BREEZSOHKRLY)
DEMICEHNEFEIT D EHMONTND, HLZDIARETIE
INFET, FIVREROTRAA KTHITD CaH, ETkb &
ZCTCELNIEBIKERIEMERB W7 Z 4 VRIS DR %

BIRO>TE, ZDOIRFEUEDIE 79 VBIKZ(LY) BaTiO, H,

"TH D, BIERADF S VBN D L BaTiO, % CaH, &
500-600°C([C THERY T D &, O D—EFAN D VS AIC H (LB
N, BKKEYNELND, AV LD S, Ca”, EU® 0iEEH
ERORISHETT D, I TERU REBEY 1 ~ES VT A

Bal.

SHEEAR A0T R#BAZE MTA SRR Bl F

CEHEBTD, INHDOE RURBRICL > T, BNEFRE
DEH PYEZPEREREE L TOSLEE T 2 BKkE
I DEBEEIRLE L TORT Vo w LABAB AR > TET,
Fle, BoNBKREICHITDE B REIEERAIF &
AU EBRPTVvEREVSTERBY ZA Y EDERRRE (Labile
Hydride Strategy &&3%2) [CHMIILTLD " (1),

¥CEH2 :! (02 ,D-)
TiOs in ATIO: -
(A SB:: sr, cg Eu) (0% H- )
(0% H-, NJ‘)
e
e -
NaOMe/H,0 (0% N¥0)
(0% H-F)
(0% H-,0H")

1 ATIO, ZeR & U MR T S NIVIMEE P Z A VLIRS

INBODOFIVEIKRIEMOHECEL TE WInte R
URENEBLEBEIZRIELTHD, THRDIMAROERD
BHICE ERURNEBHOILANKD 5ND, LHLRBH B,
ATIO H, [CHITDE R RE x ERETDRFIIERTER L,
ZOIBHIFRSN TR > T, BIZIE x[FRIOEHICE>T
BFENICE L L. TOBANER AY 1 MMEICL > TER S (Ba>Sr
~Eu>Ca), COMEME, ADT MENBSHNBHETHDEE,
H1s BLEZZEELP T, E RUREBICENTHD I &%
TEIT22N, CORIFEBTFUA I ERBLTLDDOHhE LN
2L MX T, BEEORIESHE RU RBREBICIESLhTE.
S5x32&mhn-oTd

CDESBE=DHE, BRIFFIROTRAA ~D CaH,
EITICEALUT, RERNLBERNORINERSTTDET. b
N RBBREABARIEDZEICHINLE, DY NI
feDld BiEAF Z I RDFORECTH D, KERNBEICY
FTVLERTH D Zr_ Y0,y (YS) * La,Sr,Ga,,Mg,0, s
(LSGM) Tl #NeNno&E (ZrO,. LaGaO,) (CXIL. ff
NFFVBBEATBUBRRNBEABATIIECE>T, 72F
VEENB TR EAMANTWND, COERT T ZIRH

8 BF 27 LBV DRIE & FEE

FoMERFHEI A BREFENET (GRKIL) ([CEATDC
ET, CaH, RIGICHIFTBE RUREBEOILAZR A 7,
BRI, SO, D Ti* & Sc™ THHMBIRC L DR
RiF=EBA LT Sr(Ti,Sc,)O;,,(y = 0, 0.02, 0.05, 0.1) ZRIER
FE LT CaH, T EBEE LTz, £DHBR. LWINDERIC
BVTHE RU R /BRITIBRIGHET L. BIKEREY) Sr(Ti,
,Sc,) (05 pH,) HEONT, FEINREIEZDOZTIRE TH D,
RICEI#DFREEBINE EBrRnRICEY) AT oe R
URExZEylIWLTTOvETDE ([H2), DITHRBREDT
“HVREBOEACHL, £ RURBBREAEZECBALTV
&N B, BIZIE y=01(CHWTIE KRIEE0.05 (=
Vi2) [EFPZF A0 2% ([CHEBVCEEHNST, ER
URBIREE y = 0 [CHRNT2EBULEBNLZ, ORI F
S VBIKRIEYDERICBRL T, ZZF VLB (FZF VR
BOBATHLTDIEHNHFIND) A RU NEBRECTHE
ZlRENdEAERELTVLD (E3),
CDESBEMIL. CaH, ETTICL > TEMSNTL DD
IKE(LY) & FBREEICE 3 D, LaSrCoO4H,, "  SrVO,H™ 0 &
SRIONIVE - NFIDLAROBKEY TIE B R RO
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E 105§
2 D @
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= g
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Sc content y

2 Sr(Ti,Sc,) O,y D CaH, BITIC K DIFTERIL (BN - Z£8h) &
ERUREBAZ (BR - 58 O yikFHE,

FRICEFIL TH D, Ffo. ZOERBRE THRIRE & DE O
BHER ARV (B4), J7345 LaSrCoO,H,; ¥ SrVO,H
TlE, 7 ZF VEMEBEBE DR L discrete 2 BE%A & 2, Blx
(£, SIVO,H TlE. SVO; o —RICRISHNED, RISiED Tl
SIVO,H & SVO, W _iBHEF I 2EKICHE VT, —REBINEBK
INERDZENTED, TN, SVO, BROZBHD T —_F
(FLTHFAY) #BZIAAT. SVOHIBNEEHBITDZ &
A CDRRTZAIRIEDERE &R >TLD EEZHND,
ZNEWL T, E R REMAEON SEFINICETTDFY
VERET}, PZAVOILEEE WS T20—-AIREE,. D&FED,
REBIRBAERTH, RINELCRIREND EEZ NS,
CDEDRERNBETFE. BLZOFIVRTHONDER
U RBREDHZEEKRGFUN OREEIND (CDLDBHERKE
%13 LaSrCoOzH,; ¥ SIVO,H TIFEBE T2 L)), F7z. LaTiON
& ST, & PEBE La S, TIO, N, (0 < y< 1) % CaH,ZTL
TEREREBEENHDZFSTHD, CDHERTIE DITHhRBEZRSy
THERU R/ BRTIERIGHBEIBCIHEH SN, ZDO=EH 10%
BECETDE, RIWNDWREIETLEL B EE2RBELE
BB A RU R ENIRBEENMBEV EEZ 5N D
N> D\P Z 7 VR AIE L TWL20Oht LNngL,
KIFTlE, FIVRD CaH, BIGICH T D7 ZA VILELD
SEUABN U, RO MRT T AILKIG TR BAZ2N%R
RF (DFD, REEMYEIERDORZENE) hEmIND
CEMBETHD, REHNBEFICOVWTEZERS NV
SN NBZ EnBh oz, LA L. EUTiON Z SR
P ESATRLIDARIC L > T, RERNEFHIAEBH(CEE
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Letter from Prof. Michael Hayward

Last July | had the great pleasure of undertaking a lecture
tour, arranged by Prof. Kageyama, visiting and speaking at
some institutions in Tokyo and Kyoto. Although | had visited
Japan once before, this did not prepare me for the weather
during my trip. Summers in Oxford are mild, so to step off
the aeroplane into 35 °C heat was a real challenge!

After a day acclimatising and seeing the sights in the
Akihabara district of Tokyo, my first scientific visit was to the
Department of Applied Physics at the University of Tokyo,
hosted by Prof. Shintaro Ishiwata. It was very interesting to
see the exciting high pressure work his group are working
on, and to meet with other members of faculty there, and
enjoy some excellent sushi in the evening.

After a free day where | took in some of the sights of Tokyo,
including the National Museum, my next academic visit was
to ISSP, hosted by Prof. Zenji Hiroi. It was nice to see Zenji
again and members of his group whom | had met previously
at conferences, and catch up on their recent work.

The following day | travelled to NIMS in Tsukuba to visit the
Quantum Materials Group hosted by Yoshihiro Tsujimoto
and Kazunari Yamaura. Again | was very impressed by the
high-pressure synthesis work and equipment. | also had the

pleasure of a long discussion with Prof. Takao Mori and a

chance to see the very impressive thermal measurements
that can be performed at NIMS.

My final day in the Tokyo area was another day of tourism,
with my very able tour guide: Prof. Hiroi. He showed me
some very interesting parts of the city from the temple at
Asakusa to a very unusual ramen noodle restaurant!

For the second part of my tour | took the Shinkansen to
Kyoto. My first visit was to Prof. Yuchi Shimakawa at the Uji
campus of Kyoto University. Here | was reunited with two
of my former students who have JSPS fellowships in the
Shimakawa group. As ever | was impressed by the wide
variety of projects and complex synthesis being performed.
For the remainder of my visit | was hosted in the group of
Prof. Hiroshi Kageyama at the Katsura campus of Kyoto
University. It was great to catch up and discuss joint projects
with Hiroshi and his group. There was also plenty of time for
more social activities, with preparations for the Gion festival
occurring during my stay in Kyoto.

| am very thankful for the excellent hospitality shown to me
by all my hosts — excellent food and excellent company! It
was great to meet so many people, friends both old and new,
and | look forward to welcoming them on return visits to
Oxford.
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New trends in solid state chemistry: from oxides to mixed anion compounds FRfEHRES
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Letter from Prof. James R. Neilson

Coincident with the changing leaves of the season,
the Nagoya Solid-State Chemistry Conference certainly
highlighted the New Trends in Solid-State Chemistry. The
meeting showcased the strength of mixed anion chemistry
on a world stage with presentations from 10 visiting
international and 18 domestic speakers. Looking back on
the conference, there were many interesting new trends in
mixed-anion chemistry woven throughout the conference.

Where are the electrons? A marvel of solid-state chemistry
is illustrated by how electrons organize themselves in
crystals. This was elegantly summarized by Prof. Ueda in his
work on mixed-valence Hollandite structures; the crystals
prepared under high pressure display a rich diversity of
solutions to organize the non-integer charge deposited in
the lattice, ranging from charge order with metal-insulator
transitions to itinerant ferromagnets. While Prof. Ueda
delivered the last word of the conference, this theme
arose in mixed valence Fe-based perovskite oxides (Prof.
Shimakawa) and the rich nature of As-As bonding in Fe-based
superconductors (Prof. Nohara). Using NMR, Prof. Hayashi
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shared insight to providing clues of where the electrons
might be in mixed-anion hydrogen compounds (e.g., H vs
H*), which resonated with the challenges faced by Prof.
Kobayashi in understanding mixed ionic and electronic
conduction in hydride materials. Prof. Hiroi discussed the
notion that a better description of the electrons in correlated
materials could be in ‘'molecular orbital crystals’. Using
chemistry and geometry to yield competing interactions, Prof.
Cava shared recent results on new mixed-cation pyrochlore
halides, with the goal of achieving degenerate ground states
in these materials: a quantum spin liquid. Though, Prof.
Takagi reminded us of how the search for these phases relies
on the search for nothingness — an intersection of chemistry,
physics, and the Zen state. We were also reminded how
pushing the limits of synthesis enables new science, be it
under pressure (Prof. Azuma, Yamamoto, Shimakawa, and
Ueda), or in solution as to study nanoscale effects on high-T
superconductors (YBCO, Prof. Alario-Franco).

Structures galore! | particularly enjoyed learning about
the rich crystallography afforded by mixed anion systems.
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Though initially thought to be disordered, vacancies in oxides
(a type of mixed anion system!) exhibit elegant correlated
disorder order and superstructures, which can be understood
and predicted by theory (Dr. Shusko, Dr. Kuwabara) and
visualized with transmission electron microscopy (Prof.
Abakumov, Prof. Hadermann). Prof. Pickard offered simple
insights to complex problems of predicting entirely new
structures with a random search, while Prof. Goodwin
showed us how complex correlated chemical disorder can
map onto exciting physical models for correlated electrons
(e.g., the Kitaev model). Reminding us that structures are not
static, Dr. Ishii described how phonons underlie structural
phase transitions.

Putting mixed anions to work! As a theme pervading
throughout the meeting, mixed anion systems are providing
numerous advantages for energy storage and conversion.
In one of the first talks of the meeting, Prof. Poeppelmeier
shared insight on how we might think about putting mixed-
anion systems to work for next-generation cathodes in Mg-
based batteries. Oxynitride (Prof. Maeda) and oxyhalide (Mr.
Kato) semiconductors are providing significant advantages
for photocatalysis by aligning the frontier electronic states

for maximum efficiency and stability. The synthesis of
new boride (Prof. Mori) and the prediction of new nitride
(Prof. Oba) based semiconductors highlighted exciting new
opportunities in energy materials. Lighting up other future
prospects, Prof. Nakajima and Prof Nakano shared work on
new phosphor materials that among other things, may help to
give plants some needed sleep by not interrupting interfering
with chrlorophyll absorption.

To describe my personal experience, | had an extremely
warm and inviting first trip to Japan. Some highlights also
included the amazing food, which included a long wait for
ramen with Profs Poeppelmeier and Alario-Franco. | enjoyed
meeting the people in Japan who have written so many
papers | have enjoyed reading, as well as seeing many
great talks and posters from students and postdocs. As
someone who teaches inorganic chemistry and d orbitals,
| look forward to teaching the example presented by one
of the poster winners, Dr. Diagorou Hirai, which showed
how the absorption of light can be anisotropic due to the
orbital alignment in the pleochromic crystal, Ca;ReOgCl,. In
summary, the organizers hosted a fantastic conference, and |
hope to return to Japan in the near future!
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@ Olesia Karakulina (University of Antwerp « PhD student)
Antisite Disorder and Bond Valence Compensation in Li,FePO,F Cathode for Li-ion Batteries]
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It was a pleasure to attend the 6th TOYOTA Riken International Workshop.
Amazingly, all talks were given by leading professors from all one the
world. The presentations were very interesting and were given in easily
understandable way. | learn a lot about new compounds and materials.
Moreover, | presented my work dedicated to the crystal structure changes
in cathode materials for Li-ion batteries. | have been doing this research as a
PhD student at University of Antwerp, Belgium. It was a great honour for me
that my work was awarded a poster prize.
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[Promoted Hydride/Oxide Exchange in SrTiO, by Introduction of Anion Vacancy via Aliovalent Cation
Substitution ]
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[H* Conduction in La,LiO,; synthesized by anion exchange reaction |
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