


1. DFT data on perovskite solid solutions and croseeferences toThe Materials Project

Table S 1. Theoretical data for the perovskite redox pairsestigated within this work. Solid solutions have the general composition
1?26",>

CRap e BB .- With Jdenoting the charge of the transition metal spedi¢and / " in the fully oxidized state, andt"and #" being two
different alkali, alkali earth, or rare earth species. The tolerance factor of the perovskite is derfétad bglculated ith respect to the fully oxidized state

as explained in the main manuscript. ValuesRsf 0.9 or P> 1.1 are marked in red, as they indicate that most likely other phases than the perovskite
structure are more stable. The redox enthalpiesre calculted using DFT (GGA and GGAjas explained in the main manuscript) as per mol of oxygen

O for the complete reduction from the perovskite to the brownmillerite pHas® @nd U= 0.5, respectively). Redox enthalpies below zero indicate highly
unstable provskite phases and are therefore marked in red. All materials are ranked according to their calculated redox enthalpiateridis data
including the energy above hull, the crystal structures, DFT calculation summaries, andtesimXRay diffractgrams can be retrieved on

www.materialsproject.orgsing the hyperlinks to the Ms in each dataset.

Redox Material n t 4 ,(kJ/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
MgCuQ ,, 4 . 0.827 -337.87 MgCuQ mp-1076317 Mg,CuOs mp-1076527
SMAQQ ., 3 0.864 -244.17 SmAgQ mp-1075933 SmAGOs mp-1076848
CaCuQ,, 4 . 0.920 -154.45 CaCu@ mp-1099873 CaCuOs mp-772813
EuAQQ. 3 0.863 -102.97 EuAgQQ@ mp-1077622 EwAROs mp-1099927
RbCrQ 5 1.163 -95.16 RbCrQ@ mp-1076360 RbCKLOs5 mp-1076401
Mo 12:Ca 876COQ, o 4 0.983 -81.80 CaMg(CoQ)g mp-1076128 CaMg(Ca0x), mp-1076526
BaCuQ 4 1.012 -71.24 BaCu@ mp-1076800 BaCu0Os mp-772788
Mo 12:Ca 579 €. 12:CQ 5705 w 4 0.980 -65.13 CaMgFeCeOy, mp-1076139 CaMgFeCegOy mp-1099907
Mo.126C 57:C® 876C b 12605 4 00973 -56.05 CaMgCaqCuQ, mp-1076132 CaMgCaCuQ, mp-1099952
NaCrQ 5 1.033 -30.37 NaCrQ mp-1076642 NaCrOs mp-1099683
CasSipsCoQ. 4 1.015 -25.93 SrCa(Cof), mp-1075928 SrCaCgs mp-1099694
Ca57550.129€.128C Q) .87:03 w 4 0.997 -15.35 SrCaFeCeO, mp-1076861 SrCaFeCe0y mp-1099847
Ca.7:S12:C0Q 4 1.006 -14.17 SrCa(CoQ), mp-1076096 SrCa(Co0Ox), mp-1076675



https://materialsproject.org/materials/mp-1076401/
https://materialsproject.org/materials/mp-1099952/
https://materialsproject.org/materials/mp-772813/
https://materialsproject.org/materials/mp-1076675/
https://materialsproject.org/materials/mp-1076800/
https://materialsproject.org/materials/mp-1099683/
https://materialsproject.org/materials/mp-1076861/
https://materialsproject.org/materials/mp-1076642/
https://materialsproject.org/materials/mp-1076096/
https://materialsproject.org/materials/mp-1075933/
https://materialsproject.org/materials/mp-1076526/
https://materialsproject.org/materials/mp-1099847/
https://materialsproject.org/materials/mp-772788/
https://materialsproject.org/materials/mp-1076139/
https://materialsproject.org/materials/mp-1076848/
https://materialsproject.org/materials/mp-1077622/
https://materialsproject.org/materials/mp-1076527/
https://materialsproject.org/materials/mp-1076132/
https://materialsproject.org/materials/mp-1076317/
https://materialsproject.org/materials/mp-1099873/
https://materialsproject.org/materials/mp-1099907/
http://www.materialsproject.org/
https://materialsproject.org/materials/mp-1076128/
https://materialsproject.org/materials/mp-1099694/
https://materialsproject.org/materials/mp-1076360/
https://materialsproject.org/materials/mp-1075928/
https://materialsproject.org/materials/mp-1099927/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
SrCuQ@Q 4+ 0.955 -7.35 SrCu@ mp-1076711 SECWwOs mp-21129
Ca 8755 127 € 2:CQ 7505 w 4 0.994 -1.20 SrCaFe(CoQ)s mp-1076829 SrCaFe(Cg0yq), mp-1099745
Ca 75505 25CQ 875C W 1205 4 . 0.995 -0.57 SpCaCoCuQ, mp-1099600 SpCaCoCuQg mp-1076470
SrCoQ 4 1.035 0.82 SrCo@ mp-561952 SECo05 mp-556076
Ca 75500 28 &.128C % 8703 w 4 1.002 6.06 SpCaFeCo0Oyy mp-1076626 SpCaFeCa0y mp-1099653
KCrQ 5 1.134 6.77 KCrQ mp-1076732 K:CrOs mp-1076696
Ca,62:S1.37F € 125C % 87:05 w 4 1.007 7.82 SkrCaFeCe0,, mp-1099827 SKECaFeCe0y mp-1076479
Ca S sCQ g7:Clh 1203 w 4 1.005 13.73 SpCaCoCuQ, mp-1099611 SpCaCgCuQ, mp-1076175
Ca5ShsCq 75Cly 205, 4 0.995 17.45 SrCaCqCuQ, mp-1099844 SKLCaCqCuQy mp-1076273
Ca 7550296 37:C0 6205 w 4 0.995 19.14 SpCaFeCo0,, mp-1099890 SpCaFeg(CoQ)s mp-1076198
S 128 57:CUQ. 4 . 1.005 20.46 Ba,Sr(Cu@)g mp-1099824 Ba,Sr(CyOs),4 mp-1099795
S 2Ba 7:CUQ 4 0.998 22.34 BaSr(Cu@), mp-1099602 BaSr(Cy0s), mp-1076189
S 25Bay.75CQ 25C W 7505 4 1.018 23.76 BaSrCo(Cug)s mp-1099886 BaSrCoCy0yg mp-1100085
St.2:Ba 76CQ 12:C 57:05 4 1.008 23.79 Ba;SLCOCHO,, mp-1076247 Ba;SLCOCHO,, mp-1076296
Ca Sl sF 12:CQ 87:05 w 4 1.012 24.32 SiCaFeCeO,, mp-1075997 SiCaFeCe0y mp-1100009
SMy 1248 57:C % 757 2605w 3 0943 26.19 LaSmCe(AgQ,), mp-1076275 LaSmCe(AgQo)2 mp-1076866
Ca2:S1,7:C 0 57:C U 12505 w 4 1.014 28.48 SkCaCoCuQ, mp-1076741 SKCaCoCuQ, mp-1076118
Sy 104-3.875AG 25N lip 7605w 3 0947 28.64 La;SmNi(AgQ,), mp-1076723 La,SmNi(AgQo)2 mp-1099871
St.sBay C 2Ch 7505 4 1.003 30.08 BaSKLCO(CuQ)s mp-1099763 BaSKCoCyYO, mp-1099812
SihsBay sCQ 37:Clh 6205 w 4 1.013 32.68 BaSLCaCu0s4 mp-1076491 Ba,SiCaq(CuQ)s mp-1076896
CasShsFey 2:Cq 7505 w 4 1.008 33.07 SrCaFe(CoQ)s mp-1099605 SLCaFeCgOyp mp-1099665
Sy sLay sC o 87570 12503 w 3 0.936 33.33 LaSmCoAgQ, mp-1099698 LaSmCoAgQe mp-1076724
Ca 37550 6296 128C% 5705 w 4  1.016 34.36 SECaFeCe0y, mp-1076107 SECaFeCe0, mp-1099816
Ca.6255I 3756 62:C % 37:03. w 4 0.993 35.90 SiCaFe(CoQ)s mp-1076802 SECaFeCa0x mp-1076614



https://materialsproject.org/materials/mp-1076296/
https://materialsproject.org/materials/mp-1099816/
https://materialsproject.org/materials/mp-21129/
https://materialsproject.org/materials/mp-1099745/
https://materialsproject.org/materials/mp-1076198/
https://materialsproject.org/materials/mp-1076189/
https://materialsproject.org/materials/mp-1076614/
https://materialsproject.org/materials/mp-1099886/
https://materialsproject.org/materials/mp-1076711/
https://materialsproject.org/materials/mp-1099844/
https://materialsproject.org/materials/mp-1099890/
https://materialsproject.org/materials/mp-1076175/
https://materialsproject.org/materials/mp-1099812/
https://materialsproject.org/materials/mp-1076479/
https://materialsproject.org/materials/mp-1099653/
https://materialsproject.org/materials/mp-1076741/
https://materialsproject.org/materials/mp-1099763/
https://materialsproject.org/materials/mp-1099605/
https://materialsproject.org/materials/mp-1076273/
https://materialsproject.org/materials/mp-1099795/
https://materialsproject.org/materials/mp-1099824/
https://materialsproject.org/materials/mp-1099665/
https://materialsproject.org/materials/mp-1076491/
https://materialsproject.org/materials/mp-1076732/
https://materialsproject.org/materials/mp-1076118/
https://materialsproject.org/materials/mp-1076723/
https://materialsproject.org/materials/mp-1076696/
https://materialsproject.org/materials/mp-1099871/
https://materialsproject.org/materials/mp-1076724/
https://materialsproject.org/materials/mp-1076896/
https://materialsproject.org/materials/mp-1076829/
https://materialsproject.org/materials/mp-1076866/
https://materialsproject.org/materials/mp-1100009/
https://materialsproject.org/materials/mp-1076275/
https://materialsproject.org/materials/mp-1099827/
https://materialsproject.org/materials/mp-1100085/
https://materialsproject.org/materials/mp-556076/
https://materialsproject.org/materials/mp-1099602/
https://materialsproject.org/materials/mp-1076802/
https://materialsproject.org/materials/mp-1099600/
https://materialsproject.org/materials/mp-1076470/
https://materialsproject.org/materials/mp-1076626/
https://materialsproject.org/materials/mp-1099611/
https://materialsproject.org/materials/mp-1076247/
https://materialsproject.org/materials/mp-1075997/
https://materialsproject.org/materials/mp-1099698/
https://materialsproject.org/materials/mp-561952/
https://materialsproject.org/materials/mp-1076107/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
Ca255lh 75CQ 62:C W 37505. w 4  0.994 36.72 SECaCa(CuQ)s mp-1075901 SECaCaCu0Oy mp-1076678
Sh.75B& 2:CClh 03w 4 1.008 36.92 BaSsCo(CuQ), mp-1076528 BaSsCa(CuQ), mp-1100092
Ca 3755 628 @.2:CH 7503 w 4 . 1.013 37.34 SECaFe(CoQ)s mp-1076260 SECaFe(Ca0y). mp-1099798
Sk 6288 37:CQ 37:C W 6205 w 4 1.006 37.84 BaSECaCu0,4 mp-1076600 BaSkECq(CuQ)s mp-1076881
Ca 62550375 @5CQ 503 w 4 . 0.996 39.01 SrCaFe(CoQ), mp-1076602 SkCaFe&(CoQ), mp-1099708
Sy 25l-a 75C Q) 875A% 12503 w 3 0.946 39.52 LaSmCoAgQ, mp-1076287 LaSmCoAgQ, mp-1076492
Ca 2SI, 7:C0 7:C U 2605 v 4 1.004 40.17 SrCaCeCuQ, mp-1076688 SKECaCeCuQ, mp-1099678
Sib 7B 25C % 37:Cl 62:05. w 4 0.998 40.21 BaSECaCu0,, mp-1076264 BaSKCa(CuQ)s mp-1099742
MgFeQ ,, 4  0.871 40.85 MgFeQ mp-778717 Mg,Fe0s mp-705864
CaCoQ,, 4 0.996 41.41 CaCo® mvc-3994 CaCo0s mp-1099786
Ca sShhsFey 37:C0 6205 w 4 . 1.004 41.82 SCaFeCa0,, mp-1076674 SiCaFe(CoQ)s mp-1076502
Ca S sF& 7:C 0 2505 w 4 0.994 42.84 SpCaFeCoQ; mp-1075966 SkeCaFeCoQy mp-1076147
S 6283 37:CQsClh 505 4 1.016 47.17 BaSECq(CuQ), mp-1075989 BaSECo(CuQ), mp-1076683
St 7B 26C Q) 62:Ch 37:05 4 1.018 47.64 BaSKCo(CUQ)s mp-1076429 BaSECaCWL05 mp-1076893
St.57B 3 125C % 62:Clh 37:05 4 1.011 47.99 BaSyCo(CuQ)s mp-1075982 BaSyCa.Cw0y mp-1100068
St.57B3,12:CQ sCp 05 4 1.001 48.55 BaSyCaq,(CuQ). mp-1076054 BaSfCa(CuQ), mp-1099990
EuCoQ, 3 0.923 49.90 EuCo® mp-1075975 EwCa0Os mp-1076123
Sy 3793.625AG 12N li0 87605 w 3 0945 52.78 LaSmNi;AgQ. mp-1076249 LasSmNi;AgQy mp-1076656
Ca 2SI, 75 375CQ 6205 w 4 1.014 54.13 SkCaFeCo0,, mp-1076805 SkCaFe(CoQ)s mp-1076488
CaFe@,, 4 0.968 55.51 CaFe® mvc776 CaFe0s mp-25750
Cay3755 6296 57:CQ 1203 w 4 0.995 56.98 SECaFe,CoQy mp-1075955 SECaFeCoQy mp-1076516
MQp.12:C& g7dMNg g7 1005 \y 4 0.980 57.56 CaMgMn,FeQ, mp-1076214 CaMgMn;FeQq mp-1099831
MQp.12:C& g7gMNOs. 4 0.983 61.05 CaMgMngO,, mp-1076485 CaMgMngO,, mp-1076897
Ca 2551 7576 62:CQ 37805 w 4 1.007 63.86 SCaFe(CoQ)s mp-1076457 SECaFeCao,0, mp-1076769



https://materialsproject.org/materials/mp-1075901/
https://materialsproject.org/materials/mp-1076688/
https://materialsproject.org/materials/mp-1076264/
https://materialsproject.org/materials/mp-778717/
https://materialsproject.org/materials/mp-1100092/
https://materialsproject.org/materials/mp-1076123/
https://materialsproject.org/materials/mp-1099742/
https://materialsproject.org/materials/mp-25750/
https://materialsproject.org/materials/mp-1076287/
https://materialsproject.org/materials/mp-1076488/
https://materialsproject.org/materials/mp-1099990/
https://materialsproject.org/materials/mp-1076674/
https://materialsproject.org/materials/mp-1076214/
https://materialsproject.org/materials/mp-1076881/
https://materialsproject.org/materials/mp-1076600/
https://materialsproject.org/materials/mp-1076897/
https://materialsproject.org/materials/mp-1076683/
https://materialsproject.org/materials/mp-1076249/
https://materialsproject.org/materials/mvc-3994/
https://materialsproject.org/materials/mp-1076147/
https://materialsproject.org/materials/mp-1076528/
https://materialsproject.org/materials/mp-1076485/
https://materialsproject.org/materials/mp-1099678/
https://materialsproject.org/materials/mp-1076893/
https://materialsproject.org/materials/mp-1075982/
https://materialsproject.org/materials/mp-1075966/
https://materialsproject.org/materials/mp-705864/
https://materialsproject.org/materials/mp-1099786/
https://materialsproject.org/materials/mvc-776/
https://materialsproject.org/materials/mp-1076260/
https://materialsproject.org/materials/mp-1076678/
https://materialsproject.org/materials/mp-1076656/
https://materialsproject.org/materials/mp-1076516/
https://materialsproject.org/materials/mp-1099708/
https://materialsproject.org/materials/mp-1075955/
https://materialsproject.org/materials/mp-1099831/
https://materialsproject.org/materials/mp-1076502/
https://materialsproject.org/materials/mp-1076492/
https://materialsproject.org/materials/mp-1075989/
https://materialsproject.org/materials/mp-1100068/
https://materialsproject.org/materials/mp-1076429/
https://materialsproject.org/materials/mp-1076054/
https://materialsproject.org/materials/mp-1076769/
https://materialsproject.org/materials/mp-1099798/
https://materialsproject.org/materials/mp-1076602/
https://materialsproject.org/materials/mp-1075975/
https://materialsproject.org/materials/mp-1076805/
https://materialsproject.org/materials/mp-1076457/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
Ca255h 7576 §75C 0 10605 4 1.000 64.86 SECaFe,CoQy, mp-1076399 SECaFeCoQq mp-1100030
Ca12:5h 5756 :C 505 4 1.015 65.92 SkCaFg(CoQ). mp-1076747 SrCaFg(CoQ), mp-1076159
Ca 2550 75-eQ. 4 . 0.997 68.03 SkCa(Feg)s mp-1094055 SkCa(Fels), mp-1076761
Ca& 1255 87 62:C D 37503 w 4 1.012 68.95 SrCaFg(CoQ)s mp-1076062 SrCaFeCg0,g mp-1100087
Ca.1255h 878 @.875CQ.12805 4 . 1.005 71.48 SrCaFeCoQ, mp-1076858 SrCaFeCoQq mp-1099946
Ca 1255l 8756 7:C 0 2503 w 4  1.008 72.40 SrCaFg(CoQy), mp-1076372 SrCaFg(CoQy), mp-1076631
EuNiQ 3 0.928 73.85 EuNiQ mp-32341 EwNiOs mp-1076223
Sy sLay sNiOs. 3 0.949 76.16 LaSm(Nig), mp-1076325 LaSmNOs mp-1076810
Ca.37550 629N 1256 57:05. 4 0.995 76.32 SECaMnFe0Os,4 mp-1076079 SECaMnFe 0, mp-1076199
SrFQ g7:C0.12:03 4 1.009 76.87 SgFe,CoQ, mp-1077660 SgFeCoQq mp-1076165
Shh.g7B 3 1286 87:C 0 12505 w 4  1.017 78.02 BaSyFeCoQ, mp-1075935 BaSyFeCoQ, mp-1076892
Mdo.125Ca 8751 0.129MN0 87503 w 4 0.979 79.23 CaMgTiMn,Oz4 mp-1076543 CaMgTiMn,Ox mp-1077701
Shh.g7588. 1209 75C % 2505, w 4 1021 81.84 BaSyFe(CoQy). mp-1099936 BaSyFe(CoQo). mp-1099862
Ca sShh sMNg 25F@) 705 4 0.994 83.80 SECaMn(FeQ)s mp-1076410 SECaMnFeO;, mp-1076444
Ca 2550 7sMNg 1286 5705 4 1.000 85.26 SkCaMnFe0,, mp-1075969 SkCaMnFe Oy mp-1099974
SrFe@ 4 . 1.006 87.77 SrFe@ mp-1076585 SeFeOs mp-561589
St.g7B% 125€Q 4 1.013 88.00 BaSy(FeQ)s mp-1099685 BaS#(FeO.), mp-1076090
BaFeQ 4 . 1.066 94.77 BaFe@ mp-19035 BaFe0s mp-654312
SmyLay sCoQ 3 0.944 94.88 LaSm(Cog, mp-1075930 LaSmC; mp-1076759
Ca.1255l.879VINg 1086 87505 4 . 1.005 95.92 SrCaMnFeO,, mp-1099701 SrCaMnFegO,, mp-1076487
Ca.625505 379MNg 3756 62:05. 4 0.993 96.08 SECaMns;Fe0,, mp-1076854 SrCaMn3z(FeQ)s mp-1076482
SmysLay sClh 12:CQ 57:05. 3 0.938 98.69 La,SmCoCuQ, mp-1076219 La,SmCoCuQy mp-1076483
LaAgQ.. 3 0.902 99.65 LaAgQ mp-768308 LaAgGOs mp-1076119
Slb.g7888.129MNg 126 57805 w 4 1017 99.89 BaSfMnFeO,, mp-1076592 BaSyMnFe 0, mp-1076473



https://materialsproject.org/materials/mp-1076165/
https://materialsproject.org/materials/mp-1100030/
https://materialsproject.org/materials/mp-1076159/
https://materialsproject.org/materials/mp-1076858/
https://materialsproject.org/materials/mp-1076747/
https://materialsproject.org/materials/mp-1076854/
https://materialsproject.org/materials/mp-1076372/
https://materialsproject.org/materials/mp-1076473/
https://materialsproject.org/materials/mp-1100087/
https://materialsproject.org/materials/mp-1075969/
https://materialsproject.org/materials/mp-1076090/
https://materialsproject.org/materials/mp-1099936/
https://materialsproject.org/materials/mp-1099862/
https://materialsproject.org/materials/mp-1076810/
https://materialsproject.org/materials/mp-1094055/
https://materialsproject.org/materials/mp-1075930/
https://materialsproject.org/materials/mp-1076482/
https://materialsproject.org/materials/mp-1076219/
https://materialsproject.org/materials/mp-1076410/
https://materialsproject.org/materials/mp-1076631/
https://materialsproject.org/materials/mp-19035/
https://materialsproject.org/materials/mp-1076444/
https://materialsproject.org/materials/mp-1076487/
https://materialsproject.org/materials/mp-1076592/
https://materialsproject.org/materials/mp-1076223/
https://materialsproject.org/materials/mp-1099946/
https://materialsproject.org/materials/mp-1076892/
https://materialsproject.org/materials/mp-1077701/
https://materialsproject.org/materials/mp-1099701/
https://materialsproject.org/materials/mp-1076543/
https://materialsproject.org/materials/mp-1099685/
https://materialsproject.org/materials/mp-1076119/
https://materialsproject.org/materials/mp-1076325/
https://materialsproject.org/materials/mp-768308/
https://materialsproject.org/materials/mp-654312/
https://materialsproject.org/materials/mp-1076585/
https://materialsproject.org/materials/mp-1077660/
https://materialsproject.org/materials/mp-1075935/
https://materialsproject.org/materials/mp-1099974/
https://materialsproject.org/materials/mp-1076761/
https://materialsproject.org/materials/mp-1076079/
https://materialsproject.org/materials/mp-561589/
https://materialsproject.org/materials/mp-32341/
https://materialsproject.org/materials/mp-1076199/
https://materialsproject.org/materials/mp-1076062/
https://materialsproject.org/materials/mp-1076759/
https://materialsproject.org/materials/mp-1076399/
https://materialsproject.org/materials/mp-1076483/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
Ca 8755l 129MINg 7€) 2605 4 . 0.994 101.07 SrCaMng(FeQ,). mp-1077667 SrCaMng(FeQy), mp-1077691
Ca 7551 129MNg g7 19603 4  0.997 102.62 SrCaMin;FeQ4 mp-1099696 SrCaMn;FeQq mp-1076449
Nay g74K0.120V0.75Clp 2603 w 5 1.025 102.72 KNaVsCrOs4 mp-1099932 KNaVsCrOs mp-1099912
EuCu@ 3 0.879 105.30 EuCu@ mp-1075902 EuwCuOs mp-1099765
Ca 75500 29MNg g2 37503 w 4 . 0.995 105.69 SrCaMns(FeQ)s mp-1076268 SrCaMnsFe0, mp-1076862
SrMny 1286 87505 w 4 1.009 105.84 SEMnFe0,, mp-1076445 SEMnFe 0, mp-1076409
Sy 3783 62:C U 12:CQ 57505 w 3 0943 106.73 LaSmCoCuQ, mp-1076171 LaSmCo,CuQ, mp-1076874
MgCoQ 4 : 0.895 110.14 MgCoQ mp-761524 Mg,CaOs mp-1076088
Ca& 1255 g7MNg 25 & 7505w 4 . 1.008 110.29 SrCaMn(FeQ)s mp-1076597 SrCaMn(FeOy), mp-1076092
Ca.75S1.2MNg g7 12605 4 1.002 110.63 SpCaMn;FeQ, mp-1099788 SpCaMn;FeQ, mp-1099810
Ca 255 379MNg sk sO5. 4 . 0.996 114.92 SECaMny(FeQ), mp-1075968 SrCaMny(FeQ), mp-1076450
Ca 2550 7sMNg 3786 625053 v 4 . 1.007 116.98 SkCaMnzFe0,, mp-1077670 SgCaMn3z(FeQ)s mp-1076177
Ca5ShsMng 6286 37:05. 4 1.004 117.88 SpCaMns(FeQ)s mp-1076058 SCaMnsFe0y mp-1076190
Ca Sl sMNg 7658 2:05 4 1.008 119.85 SrCaMnsFeQ, mp-1099674 SECaMnsFeQ, mp-1076197
Sy 1253 57:C U 26CQ 7605w 3 0.948 119.91 LaSmCgCuQ,), mp-1077605 La;SmCgCuQo), mp-1076871
Stg7B %, 12MNg 2976 7605 w 4 1.021 120.66 BaSyMn,(FeQ)s mp-1076408 BaSiMn,(FeOio), mp-1076181
Ca:ShMnO; ,, 4 1.015 121.61 SrCaMpOs mp-1076213 SrCaMpOs mp-1076496
Nao 8740 12V0.876CT 12605 5 1.022 121.67 KNaV,CrQ, mp-1076665 KNaV,CrQy mp-1076821
Ca St sMNg g7 1205 4 1.012 123.20 SiCaMn,FeQ, mp-1076359 SiCaMn,FeQ, mp-1076163
Sy 1298 g75C W 37:C 0 62503 w 3 0.942 123.90 LaSmCe(CuQ)s; mp-1075961 LaSmCeCw0,0 mp-1076880
Ca 37550 629MNg 757 & 2505 w 4 1.013 125.87 SECaMng(FeQ,), mp-1099603 SECaMng(FeQo), mp-1076601
Ca& 1255 g7IMNg 3758 62505 4  1.012 126.36 SrCaMnFe0,, mp-1076651 SrCaMny(FeQ)s mp-1099661
Ca.3755I 629VINg 5F & 505, 4 1.006 126.88 SECaMny(FeQ), mp-1076796 SECaMny(FeQ), mp-1076141
Ca 5755001251 b0.128MINg 57505 w 4 . 0.996 127.33 SrCaTiMn;Oz4 mp-1077663 SrCaTiMn;Oy mp-1077688



https://materialsproject.org/materials/mp-1099932/
https://materialsproject.org/materials/mp-1099810/
https://materialsproject.org/materials/mp-1076445/
https://materialsproject.org/materials/mp-1076408/
https://materialsproject.org/materials/mp-1076665/
https://materialsproject.org/materials/mp-1077691/
https://materialsproject.org/materials/mp-1076088/
https://materialsproject.org/materials/mp-761524/
https://materialsproject.org/materials/mp-1076197/
https://materialsproject.org/materials/mp-1076821/
https://materialsproject.org/materials/mp-1076058/
https://materialsproject.org/materials/mp-1076141/
https://materialsproject.org/materials/mp-1099696/
https://materialsproject.org/materials/mp-1099912/
https://materialsproject.org/materials/mp-1077688/
https://materialsproject.org/materials/mp-1076181/
https://materialsproject.org/materials/mp-1076651/
https://materialsproject.org/materials/mp-1077667/
https://materialsproject.org/materials/mp-1077670/
https://materialsproject.org/materials/mp-1076796/
https://materialsproject.org/materials/mp-1076450/
https://materialsproject.org/materials/mp-1076496/
https://materialsproject.org/materials/mp-1076409/
https://materialsproject.org/materials/mp-1076862/
https://materialsproject.org/materials/mp-1099603/
https://materialsproject.org/materials/mp-1076874/
https://materialsproject.org/materials/mp-1075961/
https://materialsproject.org/materials/mp-1075968/
https://materialsproject.org/materials/mp-1076190/
https://materialsproject.org/materials/mp-1099765/
https://materialsproject.org/materials/mp-1099674/
https://materialsproject.org/materials/mp-1077605/
https://materialsproject.org/materials/mp-1076171/
https://materialsproject.org/materials/mp-1076359/
https://materialsproject.org/materials/mp-1076213/
https://materialsproject.org/materials/mp-1076449/
https://materialsproject.org/materials/mp-1076268/
https://materialsproject.org/materials/mp-1076601/
https://materialsproject.org/materials/mp-1099788/
https://materialsproject.org/materials/mp-1076871/
https://materialsproject.org/materials/mp-1076177/
https://materialsproject.org/materials/mp-1076163/
https://materialsproject.org/materials/mp-1075902/
https://materialsproject.org/materials/mp-1077663/
https://materialsproject.org/materials/mp-1076092/
https://materialsproject.org/materials/mp-1076880/
https://materialsproject.org/materials/mp-1099661/
https://materialsproject.org/materials/mp-1076597/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
Ca.3755h.629MNg 875 12805 w 4 . 1.016 130.00 SeCaMn/FeQ, mp-1076080 SECaMn;FeQq mp-1099672
Ca 2550h.7sMNg 626 37505 w 4 1.014 130.54 SgCaMns(FeQ)s mp-1077671 SECaMnsF&0y mp-1076182
Ca 755 25T l0.129MNg 87603 4 1.001 135.03 SKCaTiM,0,, mp-1099702 SECaTiMn,0y mp-1076877
Ca.1255h.878MNo sF & 503 4 1015 140.53 SrCaMn(FeQ), mp-1099713 SrCaMn(FeQ), mp-1099692
LaNiQ 3 0.969 141.84 LaNiQ mp-19339 LaNiOs mp-1076121
Nao 5740 122V 05wy 5 1.018 142.67 KNaVg0,, mp-1099664 KNaVzOs0 mp-1076630
Ca 62:S1.375T b 129MNg 87:05 4 1.005 143.35 SKCaTiMn,O,, mp-1076217 SKECaTiMn,Oy mp-1077695
SmCu@, 3 0.880 147.50 SmCu@ mp-770767 SmCuyOs mp-768866
LaCu@ 3 0.919 149.59 LaCu@ mp-3474 LaCwOs mp-5696
Ca.5Sh5Ti.128MNg 7603 v 4 . 1.010 149.66 SpCaTiMn,Oy4 mp-1076561 SpCaTiMn,Ox mp-1099799
Ca& 755251 b 2sMNg 7505 4 0.996 152.20 SrCaliMmn;Oy, mp-1076074 SrCaliMn;Oyg mp-1076776
Cay375510.625T b0.129MN0 87503 4 1015 155.01 SECaTIMN,Oy4 mp-1075976 SECaTiIM,Oy mp-1076192
SmNIQ. 3 0.928 162.20 SmNIQ mp-25588 SmNi,Os mp-1099625
Ca.Sh 5T 26MNg 7505 4 1.005 166.56 SECaTiMn,Oy, mp-1077669 SKECaTiMMOro mp-1076680
Ca 7SI .,MN0; 4 1.006 167.65 SrCavin Oy, mp-1094044 SrCaMin,Oyo mp-1076184
Nao 8740 129M00 122Vo 87505 5 1.014 170.32 KNaV;M0oO,, mp-1076222 KNaV;MoOy, mp-1099669
SrMnG. 4 . 1.035 170.33 SrMnQ mp-568977 SpMnN,0s mp-18798
BaCoQ 4 . 1.096 172.09 BaCo@®@ mp-554938 BaCa0Os mp-1076439
CaMnQ 4 . 0.996 173.13 CaMnQ mp-19201 CaMn,0s5 mp-25008
Cay 625510.375T lo.378MN0 62605 w 4 . 0.996 173.40 SECaTEMN:0,4 mp-1076628 SkECaTEMns0,0 mp-1076134
Ny 57440.129M00 26V 7605 w 5 1.009 180.38 KNaVs(M0O;,), mp-1076351 KNaVs(MoOi(), mp-1099956
Ca& 2551 75T b 2sMNg 7505, 4 1.015 182.71 SECaTiMROy, mp-1099855 SkECaTiMROy mp-1076505
Ca 37550 6251 g 379N 62505 w 4 1.005 188.81 SECaTiEMnsOy, mp-1075962 SECaTiEMnsOy mp-1099762
Ca5SihsThsMNgs0s v 4 0.996 195.49 SrCaTiMn@ mp-1076384 SrCaTiMn© mp-1099877



https://materialsproject.org/materials/mp-1077669/
https://materialsproject.org/materials/mp-19201/
https://materialsproject.org/materials/mp-1075962/
https://materialsproject.org/materials/mp-768866/
https://materialsproject.org/materials/mp-1077671/
https://materialsproject.org/materials/mp-3474/
https://materialsproject.org/materials/mp-1099956/
https://materialsproject.org/materials/mp-19339/
https://materialsproject.org/materials/mp-770767/
https://materialsproject.org/materials/mp-25588/
https://materialsproject.org/materials/mp-1099762/
https://materialsproject.org/materials/mp-1076222/
https://materialsproject.org/materials/mp-1076217/
https://materialsproject.org/materials/mp-1099713/
https://materialsproject.org/materials/mp-1076121/
https://materialsproject.org/materials/mp-554938/
https://materialsproject.org/materials/mp-1076182/
https://materialsproject.org/materials/mp-1076134/
https://materialsproject.org/materials/mp-1099669/
https://materialsproject.org/materials/mp-1076074/
https://materialsproject.org/materials/mp-568977/
https://materialsproject.org/materials/mp-1099664/
https://materialsproject.org/materials/mp-1075976/
https://materialsproject.org/materials/mp-1076351/
https://materialsproject.org/materials/mp-1076680/
https://materialsproject.org/materials/mp-1076628/
https://materialsproject.org/materials/mp-1076776/
https://materialsproject.org/materials/mp-1077695/
https://materialsproject.org/materials/mp-25008/
https://materialsproject.org/materials/mp-1099799/
https://materialsproject.org/materials/mp-18798/
https://materialsproject.org/materials/mp-1099702/
https://materialsproject.org/materials/mp-1076505/
https://materialsproject.org/materials/mp-1076192/
https://materialsproject.org/materials/mp-1099692/
https://materialsproject.org/materials/mp-1076184/
https://materialsproject.org/materials/mp-1099855/
https://materialsproject.org/materials/mp-1076630/
https://materialsproject.org/materials/mp-1099877/
https://materialsproject.org/materials/mp-1099672/
https://materialsproject.org/materials/mp-1099625/
https://materialsproject.org/materials/mp-1076561/
https://materialsproject.org/materials/mp-1076384/
https://materialsproject.org/materials/mp-1076080/
https://materialsproject.org/materials/mp-1076439/
https://materialsproject.org/materials/mp-1094044/
https://materialsproject.org/materials/mp-1076877/
https://materialsproject.org/materials/mp-5696/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
Nay 75K0.26M 00 375V0.62603- w 5 1.017 202.11 KoNasVs(M0oGy)3 mp-1099629 KoNasVsM03059 mp-1076545
LaCoQ 3 0.965 202.55 LaCo@ mp-19051 LaCo0s mp-1076438
C@a.125500.875T b0.379MN0.62:03 4 . 1.015 206.19 SKCaTiMNs0,,4 mp-1076827 SKCaTiMNsO,g mp-1076183
Sy 1068 578 & 378MINg 625053 v 3 0.943 215.02 La;SmMny(FeQ); mp-1099887 LaSmMnFe0, mp-1099861
Ca 255k 75Tl sMNp 03 4 . 1.005 215.45 SrCaTiMn,0y, mp-1076138 SrCaTiMn,0y mp-1076875
Smy 1068 g7 &).76MN 2603 3 0.943 230.08 La;SmMny(FeQ)s mp-1076598 La;SmMny(F&O,0), mp-1076418
Nao 790, 26M00 Vo 03, 5 1.012 231.24 KNaV>(MoOs), mp-1099867 KNaV,(MoOs), mp-1099868
SmCoQ 3 0.924 232.71 SmCoQ@ mp-24877 SmCa0s mp-1076063
SrThsMngsOs. 4  1.015 235.38 SKpTIMNQ mp-1099881 SETiIMNG mp-1076627
Sy 1268 879MNg g7:C b 12:05. 3 0.939 241.55 La;SmMRCuQ, mp-1099832 LaSmMRCuQg mp-1076513
Sy 1098 g7 &) 629N 37605 3 0.943 243.35 LaSmMnFe0,, mp-1075984 LasSmMny(FeQ)s mp-1076455
EuFeQ@ 3 . 0.907 244.26 EuFe@ mp-540832 EwFe0s mp-1077617
Sy 1098 g7 € 879N 10605 3 0.943 245.84 LaSmMnFeO,, mp-1076610 LaSmMnFeO,q mp-1099902
MgMnG;. 4 : 0.895 250.13 MgMnG;, mp-770618 Mg,Mn,Os5 mp-1099805
Sy 1253 g7 sMNo <05 3 0943 251.41 LaSmMn(FeQ), mp-1076671 La;SmMn(FeQ), mp-1076172
BaMnQ, , 4 . 1.096 252.31 BaMnQ mp-19267 BaMn,0Os5 mp-1099904
Sy 1263 57 € 26MNg 7505 3 0943 256.80 La;SmMny(FeQ,), mp-1076669 La;SmMny(FeQo), mp-1076797
Sy 1263 g7 €05 3 0943 258.54 LaSm(Fe@)s mp-1076382 LaSm(FeOs), mp-1076176
EuMnQ.,, 3 0.907 259.20 EuMnQ mp-25667 EwbMn,Os mp-1099747
Sy 1098 g7 € 12N 87605 3 0.943 260.34 LaSmMnRFeQ, mp-1076792 LaSmMnrFeQq mp-1099704
Sy 1098 g7gMN0O3. 3 0.943 265.38 LaSmMnO,, mp-1099923 LaSmMnO,q mp-1099865
Nay g25K0 37900 625V0.37:05. w 5: 1.020 272.31 KsNasVsMo50,4 mp-1099606 KsNaV3(MoOy)s mp-1076888
Ca 37550 6251 lo.629MINg 37505 w 4 . 0.996 285.80 SECaTiMnN30,, mp-1077659 SECaTMn30y mp-1076557
NavQ., 5 1.006 287.56 NavQ mp-19083 NaV,05 mp-1076048



https://materialsproject.org/materials/mp-1076513/
https://materialsproject.org/materials/mp-1076827/
https://materialsproject.org/materials/mp-1076183/
https://materialsproject.org/materials/mp-24877/
https://materialsproject.org/materials/mp-1076172/
https://materialsproject.org/materials/mp-1076669/
https://materialsproject.org/materials/mp-25667/
https://materialsproject.org/materials/mp-19083/
https://materialsproject.org/materials/mp-1099881/
https://materialsproject.org/materials/mp-1076455/
https://materialsproject.org/materials/mp-1075984/
https://materialsproject.org/materials/mp-1099902/
https://materialsproject.org/materials/mp-1099629/
https://materialsproject.org/materials/mp-1076138/
https://materialsproject.org/materials/mp-1076048/
https://materialsproject.org/materials/mp-1077617/
https://materialsproject.org/materials/mp-1076888/
https://materialsproject.org/materials/mp-1076382/
https://materialsproject.org/materials/mp-1099865/
https://materialsproject.org/materials/mp-1099904/
https://materialsproject.org/materials/mp-1099606/
https://materialsproject.org/materials/mp-1099861/
https://materialsproject.org/materials/mp-1076176/
https://materialsproject.org/materials/mp-1076545/
https://materialsproject.org/materials/mp-1076598/
https://materialsproject.org/materials/mp-1099867/
https://materialsproject.org/materials/mp-1099704/
https://materialsproject.org/materials/mp-1076797/
https://materialsproject.org/materials/mp-1099887/
https://materialsproject.org/materials/mp-1076610/
https://materialsproject.org/materials/mp-1099923/
https://materialsproject.org/materials/mp-1099868/
https://materialsproject.org/materials/mp-19267/
https://materialsproject.org/materials/mp-540832/
https://materialsproject.org/materials/mp-770618/
https://materialsproject.org/materials/mp-1076438/
https://materialsproject.org/materials/mp-19051/
https://materialsproject.org/materials/mp-1076418/
https://materialsproject.org/materials/mp-1076671/
https://materialsproject.org/materials/mp-1076557/
https://materialsproject.org/materials/mp-1099832/
https://materialsproject.org/materials/mp-1076063/
https://materialsproject.org/materials/mp-1099805/
https://materialsproject.org/materials/mp-1076875/
https://materialsproject.org/materials/mp-1099747/
https://materialsproject.org/materials/mp-1077659/
https://materialsproject.org/materials/mp-1076792/
https://materialsproject.org/materials/mp-1076627/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
EuCrQ, 3 0921 289.00 EuCr@ mp-771930 EuwCrOs mp-1076286
Sy 1258 87:Ch 1086 87603 w 3 0.945 289.65 LaSMCrFg,,4 mp-1099808 LaSmCrFgD,, mp-1076459
Nag 6240.379M100.75V0 2603 w 5 1.015 304.18 KsNasVo(MoOy)s mp-1076484 KsNasV,(M03Oyg)2 mp-1076637
Cay 10550.875T0.629VIN0 37505 4 1.005 304.86 SrCaTiMn;0,, mp-1075948 SkrCaTiMnz050 mp-1076202
Sh.87B80.125T0.629MN0 37053 4 . 1.018 311.78 BaSf{TEMN30,,4 mp-1099624 BaSyTEMn30y mp-1100246
NaMoG; , 5 0.971 319.41 NaMoG mp-1076843 NaMo,05 mp-1099875
Sy 1253 57:Clo 26 7605w 3 0.947 319.75 La,SmC)(FeQ)s mp-1076431 La;SMC)(FeO), mp-1076204
Sy 25L&, 75C1 375 6203w 3 0.943 325.74 LaSmCrFe0,, mp-1076529 LaSmCr(FeQ)s mp-1099892
Nay 625K0.378M100.878V0.12803. w 5 1.011 342.40 KsNasVM0;0,4 mp-1099938 KsNasVM0;059 mp-1076540
LaMnQ_,, 3 0.948 353.27 LaMnQ mp-629046 LaMn,Os mp-1099627
Smy oela@y 7:Clh sF& 505w 3 0.945 353.33 LaSmCy(FeQ), mp-1076611 LaSMmCi(FeQ), mp-1076194
Nay 5Ky sM0Og3. 5 1.018 362.81 KNa(MoQ), mp-1076831 KNaMagGs mp-1076606
KVQ., 5 1.104 374.19 KVQ mp-18815 KoV,0s mp-1099837
LaFeQ@ 3 0.948 377.56 LaFe@ mp-542920 LaFe0s mp-1099626
Euva@., 3 0.910 381.81 EuvQ@ mp-769926 EwV,05 mp-1099750
SmvQ@., 3 0.910 382.21 SmVQ mp-1099803 SmV,05 mp-1076055
SmMnQ,_, 3 0.908 388.21 SmMnQ mp-25026 SmMn,0s mp-1076289
Sy 25L3 7:Cl 62 € 3705 w 3 0947 390.31 LaSmCr(FeQ)s mp-1099896 LaSmCrFe0s0 mp-1099978
Ca 2SI, 75T 76MNg 2505 4 0.996 396.73 SKCaTiMnOy, mp-1099703 SECaTiMnOy mp-1076170
RbMoG,. 5 1.093 398.52 RbMoQ mp-975304 RbMo0,05 mp-1099822
SmFe@ 3 0.908 401.32 SmFe@ mp-24989 SmFe0s mp-1076463
KMoG;. 5 1.066 405.11 KMoG, mp-1076474 KoM0,05 mp-1075956
Sy g7B 3. 1251 g 75MNg 2505 w 4  1.013 407.83 BaS{TMn,0,4 mp-1075988 BaSyTiMn,0yg mp-1076196
Sy 3753 62:Clo.75F &) 2505 3 0.943 408.22 LaSmCr(FeQ,), mp-1076580 LaSmCr(FeQo), mp-1076203



https://materialsproject.org/materials/mp-1099837/
https://materialsproject.org/materials/mp-1076459/
https://materialsproject.org/materials/mp-1076529/
https://materialsproject.org/materials/mp-1099803/
https://materialsproject.org/materials/mp-1076474/
https://materialsproject.org/materials/mp-1076463/
https://materialsproject.org/materials/mp-1075948/
https://materialsproject.org/materials/mp-1076540/
https://materialsproject.org/materials/mp-1076289/
https://materialsproject.org/materials/mp-1076286/
https://materialsproject.org/materials/mp-1076203/
https://materialsproject.org/materials/mp-975304/
https://materialsproject.org/materials/mp-1076484/
https://materialsproject.org/materials/mp-1076637/
https://materialsproject.org/materials/mp-771930/
https://materialsproject.org/materials/mp-1099896/
https://materialsproject.org/materials/mp-24989/
https://materialsproject.org/materials/mp-1076431/
https://materialsproject.org/materials/mp-1099626/
https://materialsproject.org/materials/mp-1099808/
https://materialsproject.org/materials/mp-1076580/
https://materialsproject.org/materials/mp-1076831/
https://materialsproject.org/materials/mp-1099750/
https://materialsproject.org/materials/mp-1075988/
https://materialsproject.org/materials/mp-629046/
https://materialsproject.org/materials/mp-1076606/
https://materialsproject.org/materials/mp-1076611/
https://materialsproject.org/materials/mp-1099978/
https://materialsproject.org/materials/mp-1099624/
https://materialsproject.org/materials/mp-18815/
https://materialsproject.org/materials/mp-1100246/
https://materialsproject.org/materials/mp-1076843/
https://materialsproject.org/materials/mp-1076202/
https://materialsproject.org/materials/mp-542920/
https://materialsproject.org/materials/mp-1076170/
https://materialsproject.org/materials/mp-1075956/
https://materialsproject.org/materials/mp-1076194/
https://materialsproject.org/materials/mp-1076055/
https://materialsproject.org/materials/mp-1099822/
https://materialsproject.org/materials/mp-1099627/
https://materialsproject.org/materials/mp-1099892/
https://materialsproject.org/materials/mp-1099703/
https://materialsproject.org/materials/mp-1099938/
https://materialsproject.org/materials/mp-1099875/
https://materialsproject.org/materials/mp-25026/
https://materialsproject.org/materials/mp-1076196/
https://materialsproject.org/materials/mp-1076204/
https://materialsproject.org/materials/mp-769926/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
SmCrQ 3 0.922 415.04 SmCr@ mp-19257 SmCrOs mp-1099951
RbvQ 5: 1.133 422.16 RbVQ mp-19031 RpV,05 mp-1076354
Nay 5K sWo.129M00 87503 w 5 1.018 423.65 KsNayMo7 WOy, mp-1076546 KiNayMo7 WO, mp-1076754
Sy 3753 62:Ch 875 10503 w 3 0.945 433.61 LaSmCrFeQ, mp-1075954 LaSmCrFeQ, mp-1100047
NawQ,.,, 5 0.966 434.58 NawQ mp-1099918 NaW,05 mp-1097724
Sy 126 872V 05 3 0.945 447.65 LaSmVO,, mp-1076131 La;SmVOy mp-1076878
Nao, Ko sWo 26M0g 7605 5 1.017 451.70 KoNaMoaWO,, mp-1076836 K:NaMoaWO, o mp-1076891
Sy 3758 62:CrQs. vy 3 0.947 455.88 LaSmCrO,, mp-1076603 LaSmCrOy0 mp-1100028
Sy 3798 625V 25C 1 7505 3 0944 468.90 LaSmV,Cr0y mp-1099675 LaSmVLCi0yg mp-1076879
Sy 375 625V0.12:Clo 87503 w 3 0.945 469.00 LaSmVCrO,, mp-1099724 LaSmVCFEOy mp-1076766
Nay 5Ko 5sWp 379100 626053 5 1.017 486.14 KiNayMog(WOy)3 mp-1099727 KsNayMosW30, mp-1076890
Nag 5Ky sWO;. 5 1.013 488.95 KNa(WQ), mp-1076224 KNaWOs; mp-1099945
Sy o5l& 75Vo.5Clh 503w 3 0.946 489.89 LaSMmVCrLO,» mp-1076218 LaSMmVCLOg mp-1099885
Sy 2513, 72Vo.62:Clo 37505 3 0945 490.79 LasSmpVsCrOy4 mp-1076253 LasSmVsCEOx mp-1099931
Sy 2513, 72V 37:Clo 62:05 3 0.948 492.03 LasSMVsCEOy, mp-1076584 LasSmpVsCrOx mp-1076179
Nao 3740 629NBo sWo 505 5 1.020 494.87 KsNasNby(WQy), mp-1099943 KsNagNby(WQ,), mp-1076208
St.6283 375T o 87MN 01205 w 4 1.023 495.35 BaSETiMNO,, mp-1075974 BaSETiMNOy mp-1076186
Nao Ko sNBo 37 62505 w 5 1.010 497.38 KiNagNDW:0s4 mp-1099687 KiNaNbs(WO)s mp-1076755
Ca12:S1.875T b g7MNg 12:05 4 0.996 497.69 SKCaTiMNO,, mp-1076570 SKCaTiMnOy mp-1099889
Sih.g78B@ 1251 lo.g78MINg 12505 4 1.008 497.73 BaSyTiMNO,, mp-1076377 BaSyTiMnOyg mp-1076193
Nag.sKo.sNbg 28Wo 7605, 5 1.011 500.92 K-NaNb(WQ); mp-1076812 KoNaNbW50, 9 mp-1076206
Nag 3750.629N 00 628W0 37605 w 5 1.019 504.46 KsNaNbs(WG)3 mp-1076481 KsNaNbsW30, mp-1076886
KWGQ,. 5 1.061 508.05 KWQ mp-1099818 KoW, 05 mp-1097834
Simpy.25l& 75V 75C1Ih 2605, 3 0.943 509.16 LaSmVCrQ, mp-1076348 LaSmVMCrQg mp-1076191
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https://materialsproject.org/materials/mp-1099885/
https://materialsproject.org/materials/mp-1099675/
https://materialsproject.org/materials/mp-1076755/
https://materialsproject.org/materials/mp-1099889/
https://materialsproject.org/materials/mp-1075954/
https://materialsproject.org/materials/mp-1100047/
https://materialsproject.org/materials/mp-1076208/
https://materialsproject.org/materials/mp-1076603/
https://materialsproject.org/materials/mp-1076191/
https://materialsproject.org/materials/mp-1076546/
https://materialsproject.org/materials/mp-1076890/
https://materialsproject.org/materials/mp-19031/
https://materialsproject.org/materials/mp-1076193/
https://materialsproject.org/materials/mp-1099918/
https://materialsproject.org/materials/mp-1075974/
https://materialsproject.org/materials/mp-1076878/
https://materialsproject.org/materials/mp-1076584/
https://materialsproject.org/materials/mp-1076886/
https://materialsproject.org/materials/mp-1099724/
https://materialsproject.org/materials/mp-1076218/
https://materialsproject.org/materials/mp-1100028/
https://materialsproject.org/materials/mp-1097724/
https://materialsproject.org/materials/mp-1076879/
https://materialsproject.org/materials/mp-1076224/
https://materialsproject.org/materials/mp-1099818/
https://materialsproject.org/materials/mp-1099727/
https://materialsproject.org/materials/mp-1076354/
https://materialsproject.org/materials/mp-1076186/
https://materialsproject.org/materials/mp-1076754/
https://materialsproject.org/materials/mp-1076348/
https://materialsproject.org/materials/mp-1076891/
https://materialsproject.org/materials/mp-1076253/
https://materialsproject.org/materials/mp-1099951/
https://materialsproject.org/materials/mp-1076377/
https://materialsproject.org/materials/mp-1076812/
https://materialsproject.org/materials/mp-1076206/
https://materialsproject.org/materials/mp-1099687/
https://materialsproject.org/materials/mp-1097834/
https://materialsproject.org/materials/mp-1076481/
https://materialsproject.org/materials/mp-19257/
https://materialsproject.org/materials/mp-1076179/
https://materialsproject.org/materials/mp-1076131/
https://materialsproject.org/materials/mp-1076836/
https://materialsproject.org/materials/mp-1099945/
https://materialsproject.org/materials/mp-1099943/
https://materialsproject.org/materials/mp-1076570/
https://materialsproject.org/materials/mp-1076766/
https://materialsproject.org/materials/mp-1099931/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
Sy, 124-3 87Vo.87:C10 1205 w 3 0.947 509.22 LaSMVCrQ, mp-1076679 La;SmVCrQ, mp-1076889
Sy 105 8757 b.25V0.7503 w 3 0942 509.53 La;SmTjVe0,4 mp-1099746 LaSmTiVsOs0 mp-1076595
Nag 3790.629N 00 78W0 2605 5 1.018 510.96 KsNasNbs(WO12), mp-1076412 KsNaNbg(WOyp), mp-1099913
Sy 1088 8751 by 125V0.87603. w 3 0944 511.97 LaSmTiYO,, mp-1075987 La;SmTiYO,, mp-1076664
Sy 125@ 8757 bo.372V0.62603- w 3 0.940 514.30 LaSmT3Vs0,4 mp-1076581 LaSmTiVsOy mp-1076885
RbWQ._,, 5 1.088 517.61 RbWQ mp-975156 RW,05 mp-1075937
Nao Ko sWo sM0g 505 5 1.016 519.41 KNaMoWw@Q mp-1076659 KNaMowQ mp-1076195
Nay 5Ko.5sWp 629100 37605 5 1.015 522.02 KsNaMo3z W50, mp-1099601 KiNayMoz(WQy)s mp-1076205
Nay 5Kg 5sWp 75M0g 2505 v 5 1.015 522.72 K:NaMo(WQy)3 mp-1099821 KoNaoMoW;0, o mp-1099722
N&.3750.629\N Do 878W0.12503. w 5 1.016 523.02 KsNaNb,WO,4 mp-1099622 KsNasNb, WO, mp-1076894
Nag.sKo.sNbg 128Wp 87503 w 5 1.012 524.84 KiNayNbW,O,4 mp-1076751 KiNa;NbW,0O,9 mp-1099948
Nay 5Ko 5sWp.g7dV100.12605 5. 1.014 526.37 KiNay;MoW;0,4 mp-1076685 KsNaygMoW-;05q mp-1099972
Na&g 37580.629NDbOs. 5 1.015 529.59 KsNagNbgO,4 mp-1076335 KsNasNbgO, mp-1076768
N&o 375K0.625T @.129N00.87:03. w 5 1015 538.93 KsNazTaNBO,4 mp-1076363 KsNazTaNBOo mp-1076887
Nao 3740 625T 3.29Nbg 7605 5 1.015 548.04 KsNasTaNbO,, mp-1099712 KsNas TaNbsOso mp-1076895
Nao 3740 625T @ 37N 62205 5 1.015 558.23 KsNaTaNbO,, mp-1076512 KsNasTasNbsOso mp-1077704
Nao 3740 625T 3 sNBg <05 v 5 1.015 567.34 KsNasTaNb,0,, mp-1076095 KsNas TaNb,Os0 mp-1099857
LaCrQ@., 3 0.962 570.86 LaCr@ mp-19281 LaCrOs mp-1097715
CaTiQ 4 0.959 578.97 CaTiQ mp-4019 CaTikOs mp-1096895
Ca.12550.875T 105, 4 . 0.991 584.67 SKECaTdOx4 mp-1075922 SKECaTiOx mp-1076695
Ny 3780.625T @.629NDp 375805 w 5 1.015 585.41 KsNasTasNIb; 0,4 mp-1075953 KsNazTasNb; O mp-1100247
EuTiQ 3  0.896 586.90 EuTiQ mp-1079111 EwTiOs mp-1076037
BaTiQ 4 . 1.055 588.75 BaTiQ mp-5020 BaTihOs mp-1076521
Sy 2B 3751105 4 1.018 589.22 BaSETO:4 mp-1075943 BaSkETikOx mp-1099792
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https://materialsproject.org/materials/mp-1076894/
https://materialsproject.org/materials/mp-1076521/
https://materialsproject.org/materials/mp-1076679/
https://materialsproject.org/materials/mp-1076363/
https://materialsproject.org/materials/mp-5020/
https://materialsproject.org/materials/mp-1076412/
https://materialsproject.org/materials/mp-19281/
https://materialsproject.org/materials/mp-1099622/
https://materialsproject.org/materials/mp-1076751/
https://materialsproject.org/materials/mp-1076895/
https://materialsproject.org/materials/mp-1075987/
https://materialsproject.org/materials/mp-1099601/
https://materialsproject.org/materials/mp-1099948/
https://materialsproject.org/materials/mp-1099821/
https://materialsproject.org/materials/mp-1099857/
https://materialsproject.org/materials/mp-1076659/
https://materialsproject.org/materials/mp-4019/
https://materialsproject.org/materials/mp-1099972/
https://materialsproject.org/materials/mp-1075953/
https://materialsproject.org/materials/mp-1076595/
https://materialsproject.org/materials/mp-1076685/
https://materialsproject.org/materials/mp-1075943/
https://materialsproject.org/materials/mp-1076768/
https://materialsproject.org/materials/mp-1076335/
https://materialsproject.org/materials/mp-1099792/
https://materialsproject.org/materials/mp-1099746/
https://materialsproject.org/materials/mp-1076095/
https://materialsproject.org/materials/mp-1100247/
https://materialsproject.org/materials/mp-1076205/
https://materialsproject.org/materials/mp-1076887/
https://materialsproject.org/materials/mp-1076695/
https://materialsproject.org/materials/mp-1076885/
https://materialsproject.org/materials/mp-1096895/
https://materialsproject.org/materials/mp-1076581/
https://materialsproject.org/materials/mp-1076512/
https://materialsproject.org/materials/mp-1076195/
https://materialsproject.org/materials/mp-1076037/
https://materialsproject.org/materials/mp-1099913/
https://materialsproject.org/materials/mp-975156/
https://materialsproject.org/materials/mp-1075937/
https://materialsproject.org/materials/mp-1099722/
https://materialsproject.org/materials/mp-1099712/
https://materialsproject.org/materials/mp-1079111/
https://materialsproject.org/materials/mp-1076889/

Redox Material n t 4 ,(kd/molp) perovskite (oxidized phase) brownmillerite (reduced phase)
Si.g7Ba 1257105 4 . 1.003 589.44 BaS§TOy4 mp-1099778 BaS§TOy mp-1099682
SITiIQ. 4 . 0.996 589.85 SITiQ mp-4651 SKThOs mp-1097778
KNbQ. 5 1.050 594.00 KNbQ mp-7375 KoNb,Os mp-1076215
N&o 375K0.625T @.75ND0.2503. w 5 1015 606.41 KeNagTasNbO4 mp-1099860 KsNagTasN,Os0 mp-1099903
RbNbQ ,, 5 1.077 624.20 RbNbQ mp-3283 RNb,Os mp-1076323
Nao 375K0.625T &.87ND0. 12605 w 5 1.015 625.94 KsNasTayNb Oy mp-1076413 KsNasTayNb Oy mp-1100141
LaTiQ 3 0.937 633.41 LaTiQ mp-22013 LaTihOs mp-1097763
NaTaQ. 5 0.957 646.24 NaTaQ mp-3858 NaTaOs mp-1075952
sSmTiQ.,, 3. 0.897 654.10 SmTiQ mp-22416 SMmTLOs mp-1099757
KTaQ 5 1.050 660.41 KTaQ mp-3614 KoTaOs mp-1099764
MgTiO; 4 0.862 696.82 MgTiQ mp-3771 Mg, TiOs mp-1076652
RbTaQ 5 1.077 705.99 RbTa@ mp-3033 RbTa0s5 mp-1076737
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https://materialsproject.org/materials/mp-4651/
https://materialsproject.org/materials/mp-3283/
https://materialsproject.org/materials/mp-22416/
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https://materialsproject.org/materials/mp-1099757/
https://materialsproject.org/materials/mp-1097763/
https://materialsproject.org/materials/mp-1076652/
https://materialsproject.org/materials/mp-1076413/
https://materialsproject.org/materials/mp-3614/
https://materialsproject.org/materials/mp-1076737/
https://materialsproject.org/materials/mp-3033/
https://materialsproject.org/materials/mp-22013/
https://materialsproject.org/materials/mp-1099682/
https://materialsproject.org/materials/mp-1099778/
https://materialsproject.org/materials/mp-1076215/
https://materialsproject.org/materials/mp-1099903/
https://materialsproject.org/materials/mp-1099860/
https://materialsproject.org/materials/mp-3858/
https://materialsproject.org/materials/mp-1100141/
https://materialsproject.org/materials/mp-1099764/
https://materialsproject.org/materials/mp-1076323/
https://materialsproject.org/materials/mp-1075952/
https://materialsproject.org/materials/mp-1097778/
https://materialsproject.org/materials/mp-3771/

2. DFT data on perovskite solidsolution endmembers

Table S 2.Theoretical data for the perovskite redmairs investigated within this work including the species and redox enthalpies of the endmembers. All redox enthalpies
given per mol of oxygen O released (kJ/gol 4 ;xcorrespondso in table S1. TheAdependent redox enthalpy of a perovskite solid solution with two different+edox
active species on the site is calculated using tiredox enthalpies for thiémiting cases ofA\ r( g)and A\ r( ). These are derived from the Di€&lculated

redox enthalpies of the solid solution endmembers (EM) as explained in the main manuscript. The redox enthalpy of ittatanlglswe species on the site is assumed to

be independent ofland the endmembeedox enthalpies are only given for comparison, ag ;= H 3N these cases (marked in red). If the mean redox enthalpy

calculated using the solid solution endmembers differs by more than 30 kJ/mol from tkrealbﬁrﬁtéavvalue for the solgblution (diff > 30), g1= « v=  HixS
used instead.

Redox Material Morr  MHon | Hoax | dif>30] EM L Y S EM 2 Hewy M 3 4 evs EM 4 4 eva

MgCuQ., -337.87 -337.87 -337.87 MgCuQ.,, -337.87

SMAQQ ., 24417 -244.17 -244.17 SMAQQR, -244.17

CaCu@,, -154.45 -154.45 -154.45 CaCu@,, -154.45

EUAgQ ., -102.97 -102.97 -102.97 EuAgQ, -102.97

RbCrQ , -95.16 . -95.16 -95.16 RbCrQ,, : -95.16

Mo 126Ca 57:COQ, v, -81.80 -81.80 -81.80 MgCoQ, 110.14| CaCoQ@, @ 41.41

BaCuQ@ -71.24 . -71.24 . -71.24 BaCu@, : -71.24

Mo 126C 8756 12:CQ 87805 w 65.13 -65.13  -65.13 | yes | MgFeQ, 40.85 | CaFeQ, 55.51 | MgCoQ.,, 110.14| CaCoQ, @ 41.41

Mo.12:Ca 57:C® 57C W, 1205 w -56.05 -56.05 -56.05| yes | MgCoQ@, 110.14| CaCo@, 41.41 | MgCuQ, -337.87| CaCu@, -154.45
NaCrQ -30.37 ¢ -30.37 @ -30.37 NaCrQ@.,, = -30.37

CasShsCoQ -25.93 -25.93 | -25.93 CaCo@,  41.41 | SrCo@, @ 0.82

Ca 575501256 12C % 5705 w -15.35 © -15.35 | -15.35 yes CaFe@,, : 55.51 SrFe@ 87.77 CaCo@, 4141 SrCoQ@ 0.82

Ca.7551025C0Q. -14.17 ¢ -14.17 = -14.17 CaCoQ, : 4141 SrCoQ 0.82

SrCuQ@ -7.35 -7.35 -7.35 SrCu@ -7.35

Ca.575500. 1286 2:Cq 7505 -1.20 -1.20 -1.20 yes CaFe@,, = 55.51 SrFe@ 87.77 CaCo@, 41.41 SrCoQ@ 0.82
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Redox Material Morr  MHon | Hoax | dif>30| EM L M EM 2 Hewy M 3 4 evs EM 4 4 eva
Ca.75510.25C 0 g7:Ch 12605 w -0.57  -163.07 22.64 CaCo@, 4141 | SrCoQ@, : 0.82 CaCu@, -154.45| SrCu@, : -7.35
SrCoQ. 0.82 0.82 0.82 SrCo@,,  0.82

Ca 75500 25 &.128C % 8703 w 6.06 6.06 6.06 yes CaFe@, : 55.51 SrFeQ, 87.77 | CaCoQ, : 4141 SrCoQ 0.82
KCrQ v 6.77 6.77 6.77 KCrQ 6.77

Ca.6255.37F€.128C W 8705 7.82 7.82 7.82 yes CaFe@, . 55.51 SrFeQ, 87.77 | CaCoQ, : 4141 SrCoQ 0.82
Ca5SihsCg7:CW 1205 v 13.73  -139.89: 35.68 CaCo®@, 4141 SrCoQ@ 0.82 CaCu@, = -154.45| SrCuQ@, -7.35
Ca =Sl :C0 7Cl 205 17.45 1745 1745 | yes | CaCo@, 41.41 | SrCo@, 0.82 | CaCu@,  -154.45| SrCu@, -7.35
Ca 7:SI.25F & 375CQ 6205 19.14 1914 1914 | yes | CaFe@, 5551 | SrFe@, 87.77 | CaCoQ@, 41.41 | SrCo@,  0.82
Sh.12B 3 s7:CUQ. 20.46 20.46 20.46 yes SrCu@, -7.35 BaCu@, : -71.24

Sh.Ba 7:CuQ. 22.34 22.34 22.34 yes SrCu@ -7.35 BaCu@, : -71.24

Siy.2B& 75C 0 2:C W 7503 23.76 : -10.40 @ 126.22 SrCoQ 0.82 BaCo@, : 172.09 | SrCuQ, -7.35 BaCu@, : -71.24
Sih.2B& 75C 0 12:C W 87503 v 23.79 6.71 143.33 SrCoQ 0.82 BaCo@, : 172.09 [ SrCuQ, -7.35 BaCu@, . -71.24
CasShsFey 12CQ 5705w 24.32 20.54 50.77 CaFe@,, 55.51 SrFe@, 87.77 CaCo@, 4141 SrCoQ@ 0.82
Sy 1048 87:C % 75A 2505 w 26.19 26.19 26.19 yes SmCo@, 232.71| LaCoQ, = 202.55| SmAQQ@, . -244.17| LaAgQ@., : 99.65
Ca 251 7:C 0 57:C U 12505 w 28.48 2848 2848 | yes | caCoQ, 41.41 | SrCo@, 0.82 | CcaCu, -154.45| SrCu@, -7.35
Sy 104387570 25N lip 7605 2864 28.64 2864 | yes | SmAgQ, -244.17| LaAgQ, 99.65 | SmNiQ, 162.20| LaNiQ, 141.84
St sBay C 25Ch 7505 30.08 6.63 @ 100.44 SrCo@,  0.82 | BaCo@, @ 172.09| SrCu@, -7.35 | BaCu@, -71.24
St sBa sCQ 37:C 62:05 3268 -250  91.30 SrCo@, 0.82 | BaCo@, 172.09| SrCu@, -7.35 | BaCu@, -71.24
Ca =Sl 5F & 2:CQ 705w 33.07 2551 5574 CaFe@, 5551 | SrFe@, 87.77 | caCo@, 41.41 | SrCo@, 0.82
Sy sLay sCQ 572D 12605 w 3333 3333 3333 | yes | SmCoQ@, 232.71| LaCo@, 202.55| SmAgQ, -244.17| LaAgQ, 99.65
Ca 375506298 12C % 8703 w 34.36 30.08 64.34 CaFe@, . 55.51 SrFeQ,, 87.77 | CaCoQ, : 4141 SrCoQ 0.82
Ca.6255I 3756 62:C % 37:05. 35.90 19.52 45.72 CaFe@,, = 55.51 SrFe@ 87.77 CaCo@, 41.41 SrCoQ@ 0.82
Ca 255l 75CQ 62:C W 37:05. 36.72 36.72 36.72 yes CaCo@, 4141 SrCoQ@ 0.82 CaCu@,, -154.45| SrCu@, -7.35
Sih.76B&y 2:CQ sCy 505 vy 36.92 11.43 62.41 SrCoQ 0.82 BaCo@, 172.09 | SrCu@, -7.35 BaCu@, : -71.24
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Redox Material Morr  MHon | Hoax | dif>30| EM L MHevn EM 2 Hewy M 3 4 evs EM 4 4 eva
Ca.3755h.60F@2:CH 7505 w 37.34 28.77 63.04 CaFe@, : 55.51 SrFeQ@,, 87.77 | CaCoQ, : 4141 SrCoQ 0.82
S 62B& 37:CQ 37:C 6205 w 37.84 10.69 83.09 SrCo@,  0.82 BaCo@, 172.09| SrCu@, -7.35 | BaCu@, -71.24
Ca.62550.37F @5C % 503 w 39.01 2591 52.11 CaFe@, : 55.51 SrFeQ, 87.77 | CaCoQ, : 4141 SrCoQ 0.82
Smy.oeay 75CQ 8758010205 w 39.52 39.52 39.52 yes SmCo®@, 232.71| LaCoQ@, = 202.55| SmAQQ@,  -244.17| LaAgQ., @ 99.65
Ca 2550 75CQ 75C W 2503 v 40.17 40.17 40.17 yes CaCoQ@, : 4141 SrCoQ 0.82 CaCu@,, : -154.45( SrCuQ@,, -7.35
S 75Bay 25CQ 276C W 62505 w 40.21 21.09 72.08 SrCoQ 0.82 BaCo@, @ 172.09 | SrCuQ@, -7.35 BaCu@, : -71.24
MgFeQ ,, 40.85 40.85 40.85 MgFeQ.,, : 40.85

CaCoQ,, 41.41 41.41 41.41 CaCo@, : 4141

Ca5ShsFe 37:Ce05 w 41.82 30.48 60.72 CaFe@, : 55.51 SrFeQ,, 87.77 | CaCoQ, : 4141 SrCoQ 0.82
Ca 55K 5F&) 75CQ 2603 42.84 20.16 50.40 CaFe@,  55.51 SrFe@,, 87.77 | CaCoQ, : 41.41 SrCoQ 0.82
Sih.62B8.375CQ sC 505, 47.17 10.97 83.36 SrCoQ 0.82 BaCo@, : 172.09 | SrCuQ, -7.35 BaCu@, : -71.24
Sih.78B& 25C Q) 62:C U 37503 v 47.64 15.78 66.76 SrCoQ 0.82 BaCo@, : 172.09 [ SrCuQ, -7.35 BaCu@, . -71.24
S 8783 125C Q) 62:C Uy 37605 w 47.99 47.99 47.99 yes SrCoQ 0.82 BaCo@, : 172.09| SrCuQ@, -7.35 BaCu@, : -71.24
Sib 8788 12:C% sClh 05w 48.55 | 48,55 48.55 yes SrCo@,  0.82 BaCo@, 172.09| SrCu@, -7.35 | BaCu@, -71.24
EuCoQ 49.90 49.90 49.90 EuCo@, : 49.90

Sy 379L3.625AG 12N li0 57605 w 5278 5278 5278 | yes | SmAgQ, -244.17| LaAgQ, 99.65 | SmNiQ, 162.20| LaNiQ, 141.84
Ca 2:Sh 757 375CQ 6205 w 5413 39.77 78.06 CaFe@, 5551 | SrFe@, 87.77 | caCo@, 41.41 | SrCo@, 0.82
CaFeQ,, 55.51 55.51 55.51 CaFe@, = 55.51

Ca 375162 576C® 1205 w 56.98 27.00 61.26 CaFe@, 5551 | SrFe@, 87.77 | caCo@, 41.41 | SrCo@, 0.82
M0o.12:Ca 57MNo 57 @ 1205 w 5756 57.56 57.56 | yes | MgMnO,, 250.13| CaMn@, 173.13| MgFeQ, 40.85 | CaFe@, 55.51
MQgp.12:C& g7gMN0Os. 61.05 61.05 61.05 MgMnG;,.,,; 250.13 | CaMnQ.,,: 173.13

Ca.255h 7576 625C 0 37605 w 63.86 39.92 78.22 CaFe@,, = 55.51 SrFe@ 87.77 CaCo@, 41.41 SrCoQ@ 0.82
C&.255h 75€0.875C 0. 12605 w 64.86 31.35 69.65 CaFe@,, | 55.51 SrFe@ 87.77 CaCo@, 4141 SrCoQ 0.82
Ca.1255 57F 6 5C 505 65.92 44.76 87.09 CaFe@,, = 55.51 SrFe@ 87.77 CaCo@, 41.41 SrCoQ@ 0.82
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Redox Material Morr  MHon | Hoax | dif>30| EM L MHevn EM 2 Hewy M 3 4 evs EM 4 4 eva
Ca Sk FeQ.y 68.03 @ 68.03 @ 92.23 CaFeQ@, : 55.51 | SrFe@, @ 87.77

Ca.12550.879 & 62C D 3703 w 68.95 4249 84.82 CaFe@, 5551 | SrFe@, 87.77 | CaCo@, 4141 | SrCoQ@, : 0.82
Ca.1255h 878 @.878C Q. 12805 71.48 34.45 76.78 CaFe@, : 55.51 SrFeQ, 87.77 | CaCoQ, : 4141 SrCoQ 0.82
Ca& 1255 8756 75CQ 2505 o 72.40 40.65 82.98 CaFe@,, = 55.51 SrFe@ 87.77 CaCo®@, 4141 SrCoQ@ 0.82
EuNiQ 73.85 73.85 73.85 EuNiQ, | 73.85

Sy sLa sNiOs. 76.16  76.16  76.16 SmNiIQ, = 162.20 | LaNiQ, @ 141.84

Ca 37:S1.62dMNg 125 57:05 76.32 61.83  177.70 CamMnQ, 173.13| srMnQ., 170.33| CaFe@, 5551 | SrFe@, 87.77
SIFQ g7:C 0 1205 w 76.87 079 = 87.74 SrFeQ, 87.77 | SrFe@, 87.77 | SrCo@, 0.82 | SrCo@, 0.82
S 7B 1286 §7:C 0 12505 w 78.02 1.17 89.00 SrFeQ@, 87.77 BaFeQ@,, 94.77 SrCoQ@ 0.82 BaCo@, : 172.09
Mgo.10:£C& g75T bp.129INg 87505 79.23 79.23 79.23 yes MgTiQ.,, | 696.82 | CaTiQ,  578.97 | MgMnGO; ,,; 250.13 [ CaMnQ.,,  173.13
Shh.g7B 3 1286 75C % 2505, 81.84 15.97 @ 103.79 SrFeQ@, 87.77 BaFeQ@,, 94.77 SrCoQ@ 0.82 BaCo@, : 172.09
Ca.55I55MNg 25K &) 7505 83.80 54.74 : 170.96 CaMnQ, . 173.13| SrMnQ.,  170.33| CaFe@,  55.51 SrFeQ@ 87.77
Ca 2550 7sMNg 1286 575053 v 85.26 70.82 | 186.34 CaMnQ, : 173.13 | SrMnQ.,, . 170.33| CaFe@, . 55.51 SrFeQ@,, 87.77
SrFeQ 87.77 87.77 87.77 SrFeQ@ 87.77

St.g7B& 127€Q 88.00 88.00 88.00 SrFeQ, | 87.77 | BaFe@, 94.77

BaFeQ 94.77 94.77 94.77 BaFe@,  94.77

SmysLasCoQ. 94.88 94.88 94.88 SmCo®,,  232.71| LaCoQ, : 202.55

Ca 12:S1.57MNg 12 57:05 9592 8153 196.70 CcamMnQ, 173.13| srMnQ@, 170.33| CaFe@, 5551 | SrFe@, 87.77
Ca 62:S1.37MNg 37 62:05 96.08 52.37 @ 168.94 CamMnQ, 173.13| srmnQ@, 170.33| CaFe@, 5551 | SrFe@, 87.77
Sy sLa Clh 12:CQ 57:05 w 9869 98.69 9869 | yes | SmCu@, 14750 LaCu@, 149.59| SmCoQ@, 232.71| LaCo@, 202.55
LaAgQ y 99.65 @ 99.65 @ 99.65 LaAgQ@, = 99.65

Shh.878B3.129MINg 12676 87605 w 99.89 88.29 | 181.10 SrMnQ.,, : 170.33 | BaMnQ.,, . 252.31| SrFeQ, 87.77 BaFe@, 94.77
Ca.57550.129VINg 755 &) 2505 101.07 : 101.07 @ 101.07 yes CaMnQ@.,, 173.13| SrMnQ., | 170.33| CaFe@, 55.51 SrFe@ 87.77
Ca.57550.129MINg g7 12:05. v 102.62 102.62 102.62 yes CaMnQ,, 173.13| SrMnQ., : 170.33| CaFe@, 55.51 SrFe@ 87.77
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Redox Material Morr  MHon | Hoax | dif>30| EM L M EM 2 Hewy M 3 4 evs EM 4 4 eva
Ny 87Ko.12V0 76Cl6 2505 w 102.72 1 102.72 102.72| yes NavQ, 287.56| KvQ, @ 374.19| NaCrQ, -30.37| KCrQ, @ 6.77
EuCuQ@ 105.30 105.30 . 105.30 EuCu@, : 105.30

Ca 7550 29MNg g2 37503 w 105.69  32.61 | 149.53 CaMn@, : 173.13 | SrMnQ.,, . 170.33| CaFe@, . 55.51 SrFe@, = 87.77
SrMny 1086 87505 w 105.84 9552 178.08 SrMnQ.,, | 170.33 | SrMnQ.,, : 170.33 | SrFeQ@. 87.77 SrFe@ 87.77
Sy 3798 625C W 128C M 87505 106.73 = 106.73 ;| 106.73 yes SmCu@,, 14750] LaCu@, : 149.59 | SmCo@, : 232.71| LaCo@, : 202.55
MgCoQ 110.14 « 110.14 110.14 MgCoQ.,, 110.14

Ca 1250 57MNg 257 7505 110.29 81.49 196.66 CaMnQ, 173.13| SrMnQ., 170.33| CaFe@, 5551 | SrFeQ, @ 87.77
Ca 7550 25MNg 57 1205 110.63 110.63 110.63| yes | CaMnQ, 173.13| SrMnQ., 170.33| CaFe@, 55.51 | SrFeQ, 87.77
Ca.62550h 379MNg 5F& 505, 11492 56.63 @ 173.20 CaMnQ.,, 173.13| SrMnQ., : 170.33| CaFe@, 55.51 SrFe@ 87.77
Ca 2551075MNg 3786 62805 w 116.98 73.66 = 189.18 CaMnQ, . 173.13| SrMnQ.,  170.33| CaFe@,  55.51 SrFe@,,  87.77
Ca 5SIhhsMNg o€y 37505 w 117.88  45.24 @ 161.46 CaMnQ,, : 173.13| SrMnQ.,,  170.33 | CaFe@, : 55.51 SrFe@ 87.77
Ca5SIh sMNg 75F€) 2505 w 119.85 32.69 @ 14891 CaMnQ, . 173.13| SrMnQ.,  170.33| CaFe@,  55.51 SrFe@,,  87.77
S 1248 g7:CW 25C Q) 7605 11991 1 119.91 119.91 yes SmCu@,, | 147.50| LaCu@, : 14959 | SmCoQ@, : 232.71| LaCo@, : 202.55
Sio.g78B8 12MNg 26F @) 7205w 120.66 97.46 190.27 SrMnQ.,, 170.33 | BaMnQ.,, 252.31| SrFe@, 87.77 | BaFe@, 94.77
CasShsMnOs. 121.61 121.61 121.61 CaMnQ@,,: 173.13| SrMnQ., : 170.33

Ny 87Ko 12V0 876CT 12505 w 121.67 121.67 121.67| yes NavQ, 287.56| KvQ, 374.19| NaCrQ, -30.37| KCrQ, 6.77
Ca sShhsMNg g7F @ 12505 w 123.20  123.20 123.20| yes | CaMnQ, 173.13| SrMnQ., 170.33| CaFe@, 55.51 | SrFeQ, 87.77
Sy, 1248 §7:C U 376C % 62505 w 123.90 12390 123.90| yes | SmCu@, 147.50| LaCu@, 149.59| SmCo@, 232.71| LaCo@, = 202.55
Ca 3750, 62dMN0 757 2:05 125.87 38.97 154.84 CaMnQ, 173.13| SrMnQ., 170.33| CaFe@, 5551 | SrFeQ, @ 87.77
Ca 1256, 57MNo 378 62:05 126.36 83.17 198.34 CaMnQ, 173.13| SrMnQ., 170.33| CaFe@, 5551 | SrFe@, @ 87.77
Ca 37550.629MN 5F& 505 126.88  68.95 | 184.82 CaMnQ, : 173.13 | SrMnQ.,, . 170.33| CaFe@, : 55.51 SrFe@,, = 87.77
Ca 7550 1251 Ig.129MNg 57505 w 127.33 127.33  127.33 yes CaTi@Q, = 578.97| SrTiQ, @ 589.85| CaMnQ., 173.13| SrMnQ., : 170.33
Ca.3755 629N g7 12:05. 130.00 . 28.61 @ 144.48 CaMnQ@.,, 173.13| SrMnQ., | 170.33| CaFe@, 55.51 SrFe@ 87.77
C& 255l 7sMnNg 626 37605 w 130.54 58.34 173.86 CaMnQ,, 173.13| SrMnQ., : 170.33| CaFe@, 55.51 SrFe@ 87.77
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Redox Material Morr  MHon | Hoax | dif>30| EM L MHevn EM 2 Hewy M 3 4 evs EM 4 4 eva
Ca 75510 25T lo.129MN0 87:05. w 135.03 135.03 | 135.03 | vyes CaTiQ, 578.97| SrTiQ, | 589.85| CaMnQ@, 173.13| SrMnQ, A 170.33
Ca 15k 87MNo sF& 05w 140.53 82.95 198.11 CaMnQ., 173.13| SrMnQ., 170.33| CaFeQ, 5551 | SrFe@, =@ 87.77
LaNiQ 141.84  141.84 . 141.84 LaNiQ, | 141.84

Nao 8740 122V 05wy 142.67 142.67 142.67 NavQ, @ 287.56| KvQ, @ 374.19

C@a 625500,375T b0.129MN0 87:03 143.35 143.35 143.35 yes CaTiQ, 578.97]| SrTiQ, @ 589.85| CaMnQ, 173.13| SrMnQ, 170.33
SmCuQ@,, 147.50 @ 147.50  147.50 SmCu@,, 147.50

LaCu@ 149.59  149.59 . 149.59 LaCu@,, : 149.59

Ca =St 2T 12MNg g7:05 149.66 149.66 149.66| yes | CaTi@. 578.97| SrTiQ, 589.85| CaMn@, 173.13| SrMnQ, 170.33
Ca& 755 25T b 2sMNg 7505, 152.20 . 152.20 @ 152.20 yes CaTiQ,  578.97| SrTiQ, @ 589.85| CaMnQ., 173.13| SrMnQ., : 170.33
C@ 3755006251 l0.129MN0.87:03. 155.01 155.01 @ 155.01 yes CaTiQ,, : 578.97| SrTiQ, : 589.85| CaMnQ,  173.13| SrMnQ., : 170.33
SmNIQ. 162.20 « 162.20 : 162.20 SmNiQ.,, = 162.20

Ca 55 5Tb.25MNg 7505 166.56 166.56 @ 166.56 [ yes CaTiQ, 57897 | SrTiQ, @ 589.85| CaMnQ@, 173.13| SrMnQ, 170.33
Ca 7551h2MN0Os. 167.65 167.65  168.35 CaMnQ, : 173.13| SrMnQ., : 170.33

Ny 57Ko 12M00 12V0 8705 w 170.32 170.32 170.32| yes | NaMoQ,, 319.41| KMoQ., 405.11| NavQ, 287.56| KvQ, 374.19
SrMnG. 170.33 170.33 : 170.33 SrMnQ., ¢ 170.33

BaCoQ 172.09 172.09  172.09 BaCo@, : 172.09

CaMnQ 173.13  173.13 ; 173.13 CaMnQ@,,: 173.13

Ca 62:S1.375T b 37MNg 62:05 173.40 173.40 173.40| yes | CaTiQ, 578.97| SrTiQ, 589.85| CaMnQ, 173.13| SrMnQ, 170.33
Nao 8740 129M00 22Vo 7605 180.38 180.38 180.38| yes | NaMoQ., 319.41| KMoGQ., 405.11| NavQ, 287.56| KvQ, 374.19
Ca 2SI, 75T 2sMNg 7505 182.71 18271 182.71| yes | CaTiQ, 578.97| SrTiQ, 589.85| CaMnQ, 173.13| SrMnQ, 170.33
C@a 3755006257 b0.379MN0.62:03. w 188.81 @ 188.81 | 188.81 yes CaTiQ,,  578.97| SrTiQ, : 589.85( CaMn@, 173.13| SrMnQ., : 170.33
Ca5ShsThsMNgs0s5 v 195.49 195.49 195.49 yes CaTi@Q, = 578.97| SrTiQ, @ 589.85| CaMnQ., 173.13| SrMnQ., : 170.33
Nay 75K0.26M 00 375V0.62503. w 202.11 ; 202.11 : 202.11 yes NaMoQ ,,  319.41| KMoQ., : 405.11 | NavQ., : 287.56 KvQ v 374.19
LaCoQ 202.55 | 202.55 202.55 LaCo@, = 202.55
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Redox Material Morr  MHon | Hoax | dif>30| EM L MHevn EM 2 Hewy M 3 4 evs EM 4 4 eva
C@.12550.875T b0.379MN0 6203 w 206.19 . 206.19 | 206.19 yes CaTiQ,,  578.97| SrTiQ, | 589.85( CaMnQ, 173.13| SrMnQ., : 170.33
Sy 1068 g7 & 379VINg 62:05- v 215.02 . 215.02 . 215.02 yes SmFe@,,  401.32 | LaFe@, . 377.56 | SmMnQ, 388.21| LaMnQ, 353.27
Ca 255 75Tlh.sMNp 03 21545 21545 215.45 yes CaTiQ, 578.97]| SrTiQ, @ 589.85| CaMnQ,  173.13| SrMnQ, 170.33
Sy 1258 8786 75MNg 2505 230.08 . 230.08 : 230.08 yes SmFeQ,, : 401.32 | LaFe@, @ 377.56 | SmMnQ , 388.21 | LaMnQ., 353.27
Nag 75K0.2sM00 5V 503 w 231.24 . 231.24 . 231.24 yes NaMoQ,,,  319.41| KMoG., : 405.11 | NavQ, : 287.56 KVQ@. 374.19
SmCoQ 232.71 - 232.71 232.71 SmCo@,, 232.71

SrTpsMngsOs v 235.38 | 235.38 | 235.38 yes SrTiQ,,  589.85| SrTiQ, | 589.85| SrMnQ., 170.33| SrMnQ, i 170.33
Sy, 1243 579MNg g76C U 12605 24155 24155 24155| yes | SmMnQ, 388.21| LaMnQ, 353.27| SmCu@, 147.50| LaCu@, 149.59
Sy 1098 g7 & 629N 37605 243.35  243.35: 243.35 yes SmFeQ,, i 401.32 | LaFe@, @ 377.56 | SmMnQ., 388.21| LaMnQ., 353.27
EuFeQ@ 24426 | 244.26 - 244.26 EuFeQ@, = 244.26

Sy 1098 g7 &) 879N 10605 245.84 24584 | 245.84 yes SmFeQ,, i 401.32 | LaFe@, @ 377.56 | SmMnQ., 388.21| LaMnQ., 353.27
MgMnOs. 250.13 . 250.13 : 250.13 MgMnGO;,.,,: 250.13

Sy 1098 878 sMN 505 v 251.41  251.41: 251.41 yes SmFeQ,, i 401.32 | LaFe@, @ 377.56 | SmMnQ., 388.21| LaMnQ., 353.27
BaMnQ, , 252.31 . 252.31 . 252.31 BaMnQ ,,: 252.31

Sy 1243 g7 € 25MNg 705w 256.80 256.80 256.80| yes | SmFe@, 401.32| LaFe@, 377.56| SmMnQ, 388.21| LamMnQ, 353.27
Sy 1243 57603 w 258.54  258.54 258.54 SmFe@, = 401.32| LaFeQ@, : 377.56

EuMnQ.,, 259.20 : 259.20 . 259.20 EuMnQ.,,  259.20

Sy, 1243 g7 € 12MNg 57605 260.34 260.34 260.34| yes | SmFeQ, 401.32| LaFe@, 377.56 | SmMnQ, 388.21| LaMnQ, 353.27
Sy, 1248 g7MN0O; 4, 265.38 265.38  265.38 SmMnQ.,, 388.21| LaMnQ, 353.27

Ny 62Ko 379V00 62Vo 3705w 27231 27231 27231 yes | NaMoQ., 319.41| KMoQ., 40511| NavQ, 28756| KvQ, 374.19
Ca 3755h.625T l0.629MN0 37505 285.80 285.80 285.80| yes CaTiQ, 578.97| SrTiQ, | 589.85| CaMnQ, 173.13| SrMnQ.,, . 170.33
NavQ.,, 287.56 | 287.56 287.56 NavQ, : 287.56

EuCr@,, 289.00 « 289.00 @ 289.00 EuCr@, | 289.00

SiMp.12d-3 g7:C1o 1286 57:05. w 289.65  289.65 : 289.65 yes SmCr@,, . 415.04| LaCr@Q, 570.86| SmFe@, A 401.32| LaFe@, 377.56
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Redox Material Morr  MHon | Hoax | dif>30| EM L MHevn EM 2 Hewy M 3 4 evs EM 4 4 eva
Ny 628K0 37V100 7o 2605w 304.18 304.18 304.18| vyes | NaMoQ., 319.41| KMoQ., @ 405.11| NavQ@, 287.56| KvQ, @ 374.19
Cay 12550.875T0.629VIN0 37505 w 304.86 304.86 304.86 | yes CaTiQ, 57897 | SrTiQ, @ 589.85| CaMnQ@, 173.13| SrMnQ, 170.33
Sh.87B80.125TI0.629MN0 37803 311.78 | 311.78 . 311.78 yes SrTiQ,  589.85| BaTiQ, | 588.75( SrMnQ, 170.33| BaMnQ.,, | 252.31
NaMoG; 319.41 © 319.41 31941 NaMoQ,,,: 319.41

Sy 1098 878C1o 2@ 7603w 319.75 | 319.75: 319.75 yes SmCr@,, : 415.04| LaCrQ, . 570.86| SmFe@,  401.32| LaFeQ@, : 377.56
Sy o5lay 75Clh 3756 62803 w 325.74 . 325.74 = 325.74 yes SmCrQ,, : 415.04| LaCr@, : 570.86 | SmFe@, : 401.32 | LaFe@, : 377.56
Nao 6240 37M00 87Vo 1205w 342.40 286.42 350.40 NaMoQ.,, 319.41| KMoQ,., 405.11| NavQ, 287.56| KvQ, @ 374.19
LaMnQ, ,, 353.27 | 353.27 - 353.27 LaMnQ.,, | 353.27

Sy .oelay 75Clh 5F& 505w 353.33 | 353.33 | 353.33 yes smCr@, | 415.04| LaCrQ, '@ 570.86| SmFe@, | 401.32| LaFe@, @ 377.56
Nay 5KgsM0Og3. 362.81 . 362.81 @ 362.81 NaMoQ, ,,: 319.41 | KMoQ., : 405.11

KVQ. 37419 | 374.19 ;. 374.19 KVQ., 374.19

LaFeQ@,, 37756 . 377.56 @ 377.56 LaFe@, 377.56

EuvQ., 381.81 ; 381.81: 381.81 EuvQ@, : 381.81

SmvQ@., 382.21 . 382.21  382.21 SmvQ, @ 382.21

SmMnQ_, 388.21 | 388.21 . 388.21 SmMnQ ., 388.21

Sy 25L3, 7:Cl 62 & 3705 w 390.31 390.31 390.31| yes | SmCr@, 415.04| LaCrQ, 570.86| SmFe@, 401.32| LaFe@, 377.56
Ca 2SI, 75T 78MNg 2505 396.73  396.73 396.73| vyes | CaTiQ, 578.97| SITiQ, @ 589.85| CaMnQ, 173.13| SrMnQ., 170.33
RbMoG;. 398.52 | 398.52 = 398.52 RbMoQ ,, : 398.52

SmFeQ@, 401.32  401.32  401.32 SmFe@,, i 401.32

KMoG;_ 405.11 405.11 405.11 KMoG,,, : 405.11

Siv.g7B8a.125T I, 75MNg 2505, 1y 407.83 . 407.83  407.83 yes SiTiQ,, « 589.85| BaTiQ, | 588.75| SrMnQ.,,  170.33 | BaMnQ.,, | 252.31
S 3743 62:C1o 7576 2505 w 408.22 | 408.22 408.22 yes SmCr@, . 415.04| LaCr@Q, 570.86| SmFe@, A 401.32| LaFe@, 377.56
SmCrQ 415.04  415.04  415.04 SmCrQ,, | 415.04

RbvQ 422.16 422.16 422.16 RbVQ, = 422.16
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Redox Material Morr  MHon | Hoax | dif>30| EM L MHevn EM 2 Hewy M 3 4 evs EM 4 4 eva
Nay 5Ko sWo 129100 876053 423.65  423.65 423.65 yes NawQ.,,  434.58 KWQ., @ 508.05| NaMoQ,,: 319.41| KMoG., : 405.11
Sy 3753 62-Clo 87,1205 w 433.61 433.61 433.61| yes SmCr@,, 415.04| LaCr@, : 570.86 | SmFe@, 401.32 | LaFe@, 377.56
NawQ,.,, 43458  434.58  434.58 NawQ.,, . 434.58

Sy 1068 57eVO0s 455.88 ° 455.88 455.88 missing data for LaVgQ,

Nag 5K sWo 2M0g 75053 451.70 0 451.70 451.70 yes NawQ.,,  434.58 KWQ.,, | 508.05| NaMoQ.,: 319.41| KMoQ., : 405.11
Sy 3753 62:CrGs. vy 455.88 | 455.88 455.88 yes sSmCr@,, : 415.04| LaCr@, : 570.86 | SmCr@, : 415.04 | SmCr@, : 415.04
Sy 3758 625V 25C 1 7505, w 468.90 | 468.90  468.90 missing data for LaVQ,

Sy 3753 625V0.12:C0.87:03. w 469.00 : 469.00 469.00 missing data for LaVQ,

Nay 5Ko 5sWp 379100 62605 486.14  486.14  486.14 yes NawQ.,, = 434.58 KWQ., | 508.05| NaMoQ,,: 319.41| KMoG., : 405.11
Nag sKo sWOs. 488.95 488.95 488.95 NawQ., 434.58| KwQ, 508.05

Sy 25L& 75Vo.5Cl 503w 489.89 | 489.89  489.89 missing data for LaVgQ,

Smy od @ 75V0.62C . 37505 w 490.79 490.79 490.79 missing data for LaVgQ,

Sy o5l& 75V0.37:C 1 62605 w 492.03 1 492.03  492.03 missing data for LaVgQ,

Ny 37Ko 624N Do eWo <05 494.87 494.87 494.87 missing data for NaNbQ,

St.62B3 375T o 87MN 01205 w 49535 49535 49535| vyes SrTiQ, @ 589.85| BaTiQ, 588.75| SrMnQ, 170.33| BaMnQ., 252.31
Nay 5Ko.5Nbg 37:Wp 62603 v 497.38 497.38 497.38 missing data for NaNb{Q,

Ca 12:S1.875T b g7MNg 12:05 497.69 497.69 497.69| yes | caTiQ, @ 578.97| SrTiQ, 589.85| CaMnQ, 173.13| SrMnQ., 170.33
St.57B 125Tlo 87MN 01205 w 497.73 497.73 497.73| vyes SrTiQ,  589.85| BaTiQ, 588.75| SrMnQ, 170.33| BaMnQ., 252.31
Nay sKg.5Nbg 25Wg 7505 500.92 @ 500.92 ;| 500.92 missing data for NaNb{Q,

Nay 375850 629Ny 622W0 37:03. 504.46 | 504.46 @ 504.46 missing data for NaNb{Q,

KWG, 508.05  508.05  508.05 KWQ., @ 508.05

Sy o5l& 75V0.76C 0 2503 w 509.16 | 509.16 @ 509.16 missing data for LaVgQ,

S 12d-& g7:V0.87:C10.12:05. w 509.22 | 509.22 | 509.22 missing data for LaVgQ,

Sy 128 8757 b 25V0.7503- w 509.53 | 509.53 509.53 missing data for LaVgQ,
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Redox Material Morr  MHon | Hoax | dif>30| EM L MHevn EM 2 Hewy M 3 4 evs EM 4 4 eva
Nag 3750 629Nbg 78Wo 2505 v 510.96 | 510.96 : 510.96 missing data for NaNb{,

Sy 1058 8751 Iy 125V0.87:03. w 511.97 ¢ 511.97 @ 511.97 missing data for LaVgQ,

Sy 12d-a 8751 l0.375V0.62605 w 514.30 | 514.30 . 514.30 missing data for LaVQ,

RbWQ._,, 517.61 - 517.61 517.61 RbWQ, 517.61

Nag 5K sWo sM0g 503 519.41 | 519.41 . 51941 yes NawQ.,,  434.58 KWQ.,, | 508.05| NaMoQ.,: 319.41| KMoQ., : 405.11
Ny 5Ko sWo 629M00 37605 522.02 522.02 522.02| yes | NawQ., 43458| KwWQ, 508.05| NaMoQ., 319.41| KMoQ., 405.11
Ny 5Ko sWo 78M0g 2605 w 522.72 52272 522.72| vyes | NawQ., 434.58| KWQ, & 508.05| NaMoQ., 319.41| KMoQ., 405.11
Nay 3790 629Nbp 878Wp.12:05. w 523.02 | 523.02 @ 523.02 missing data for NaNb{Q,

Nag.sKo.sN b 128W0 87503 w 524.84 | 524.84 . 524.84 missing data for NaNb{,

N&y sKo.sWo.87dM 00,1203 526.37  526.37 526.37 yes NawQ., 43458 | KwQ,  508.05| NaMoG , : 319.41 | KMoG., : 405.11
Nay 3790 62NbOs. 529.59 | 529.59 | 529.59 missing data for NaNb{,

Na&g.3750.625T 3.129Nbg 87503 w 538.93 1 538.93 538.93 missing data for NaNb{,

Na&g.3750.625T 8.25Nbg 7505, 548.04 | 548.04 | 548.04 missing data for NaNb{,

Nay 3790 6251 @.379NDg 62603 558.23 | 558.23 558.23 missing data for NaNb{,

Nay 3750 625T @ 5N b 503 v 567.34 . 567.34 . 567.34 missing data for NaNb{Q,

LaCrQ@., 570.86 . 570.86 @ 570.86 LaCrQ,, 570.86

CaTiQ 578.97 | 578.97 . 578.97 CaTiQ,, : 578.97

Ca 105K 575TiOs 584.67 584.67 584.67 caTiQ, @ 578.97| SrTiQ, & 589.85

Nay 3790 6257 &.629Nbp 37503 w 585.41 | 585.41 | 585.41 missing data for NaNb{Q,

EuTiQ 586.90 : 586.90 @ 586.90 EuTiQ, | 586.90

BaTiQ 588.75 | 588.75 588.75 BaTiQ., | 588.75

Sh.628B2.375T105. o 589.22 | 589.22 589.22 SrTiQ.,, 589.85( BaTiQ, : 588.75

Siv.g7Ba 1257105 589.44 | 589.44 . 589.44 SrTiQ, @ 589.85| BaTiQ, | 588.75

SrTiQ 589.85 | 589.85 589.85 SrTiQ.,, 589.85

22




Redox Material

Horr

4'lmin

4_|max

diff>30

4_|EM1

EM 2

ey

4 gvz

EM 4

4 EM4

KNbQ ,

594.00

594.00

594.00

23

594.00




AS (dilute species) AS (solid solution)

7 20 2 150 o i
i 150 JJ’:’_____' AHn, g 125 \‘-\ % %01 as,,
% 100-% sh: shift % o RH_E“E"“"'--—.,' % mu-\.q_j's . slo _ml\
754 i 504 gnt* #SIOPE
5044 sl:,slope” M act- AS,
................................ AH_ 804 \\I 0-
0
00 01 02 03 04 05 o 01 0% 03 04 o8 00 01 02 03 04 05
AS 5 8
3( c, ( # H 4
( (C (( C ,
# H , B
s # H# *2 2% (
& 2 E B ( (
B , B 4
+1("# 5 * (
( B 4 #
K ( 4 B C , 4 #
4 4 > 2 4# &/?H
. !
' 4% 8 ) ‘e 2 /
5 B * C « .
4 , *
) , # 5 (
* C ( *0 1 )
2 B # 3F# &/ 4 C,
1] ( # 5 1] ( ]
90 ( « G
2 ( B B 4
C, ( 4 # 5 'y )
3 B C, ( # 5 (,
( B c
& ) 1
B (

90



(,

4

/E

D

/' N

, ( C
< Dy > &Y2udk7ud E?H "
4 4
; e | .
#>  # 2 &4
— " 4, 67 =" "8"9:8 ;& ;
K L L 077 M%, L 7#/:
3RAD B , 4
( * ( > 2 &4/2H
— " 4y, =sa =" "BT &G B *C D
5 4 C, 4 '* (
( , ( , 4, C B
4 67 4 4 8 . #
4 L 9
's # ( ,
¢ 4 &
='&5"="2 ( 9 ( |
: R ( ( C 4 # 2
B 4 F (5" , # 5
4 C, ( # 5 <C
F 4 + 5
( C, L LOTRM% <, L 7#/: PO#
S 4 B c, ( * 5
( 6# 4 B (
B * ( 4
: B # B # # ,
( , # K . , (
4 B L 7#9D1 B 4 4
> 2 4# | 5 ? , 4
2 ( ’ ’
: : 4 4
# K , 4 g & 2 E GH
4 (  &/>3F#2 &m (,
, 4 o
! |
T "#S 8 J "k M—.
\ | J ),
Y Y
B
’\ GH J’v
.
B : #



|*/( */

98

( C
>? # # FO & 743 74bD9sd .
& 2.6 (
4 & 743 74bpy &7 4l # &
4 , 4
O , P
, 5 L 077 M%5L T#/: # 5
: B ( #
, L7 CC (
(, 4 (, ,
, 4 B
( & 2 E ,
( B *2 2%
& D 3R ( # K &D3F#
B *5
4 _.-B
"4 ’
( 4 C, ( *
F 4 4 4 , ( (
, ( 4 # K (,
(
4 C
4 # "
( *4
* ( B



5 < (4 B (

# $ C , , 4 B ( 4
( 4 ( (
B PL 077 M%q L T#HI: B ( 4
, # 5 4 B C, ( R sTU& By T %W
3c 4 , 4
4 4 C, #C5H 4 )
, ( 4 > C(, HB 4 B
(C (( y? B
/ R, sTU& R, <sT%# 3C B
( 4 #
! B c, ( 4#

$ & M Hsw

« 1%

) Hew

'& < * 5 4 4 * ( 077 Mo 7T#/: #



(@
T

« 1%

) Hev

e (0 Hww

) Hev




« 1#30

! H#s%

s & ( Hew

o (0 Hew

) Hsw




|
1

©*
R0

Ro

Hsw se (1 Hew

1#39 & 1 Hsv

—~

©
Ro

0

N—r

Hsv & H#sm

s & ( Hw ! &) (! $ &t

& 3 1#39% & ! & 1 Hew

y M e (¢ s&  s& (1 Hsw

P
m-
¢

& n %0/0

| ) #s% & 1) & H#s%

N ) o Hew $& ) $ & Hs

|

(! $ &%

»
R0
g
>
R0

(1 $ &%

20
*
&
X
R0

) (s ! &) s& (1 Hs%

D7



( f

(.

¢

Pcy C

| hos

B* # 5

. i P, L WEXrSt @, drsta
defgch'Jkg%—q drstMrk\,s ijk# yZuT-

(

% r$ o
4

| @y P# 2

4

F ()PC<45C

C,
B <RB

.. | Thos P
| |]k95 q

8 )
4 B P

(
& ?3F#F

+l .)PC<45

T
e .
"dy o ¢ m;..kOSS{TSI a ik # yzu.(rst o

qp

2 +

*x"="2="8&5



B # " B , 4
( #" 4
( B 6z P, 4
* ( 4 (. % . B
4 B , , C
, (%oc 4
B (, ( B (
4 * (
C 4 ( # K . (
( , oy >& 2 E 7 4
) %o ¢ # 6 (:
, 4 B 6 7
, (,
B : . B? > (
FO? H
. P E E
6 7 - 6 7 E B /e
-" 6. P 6 - a P
9 9 (b, BE F I (
( C 4 E#" (, 4
# 5 4 4 ,
B * ( , 4 *
4 , 4
¢ -~ R @ - (f . 3F&
Pc<, C < C c P B 4 &3 #
€.t C dPc o
c - ! F
"ok . )PC<45C +
Gt c )P, ,c + *C )Poy,c +
( L 9 H # , 4 # K
(., B ( 4 *
# 5 4 , 4 B (
€ 1t 4 RH# 5 :
4 &# 4 3F#

D9




(\ A Tred pre
P T Reduction (SEEEEEEEEEEEEEEEEEEE .
\‘l’“\ h i losses
N ‘ :
i Qchem,out i
&b E Qscnsible,ln Qscnslble.out i
‘"hrec.mlid E i
: Qsleam.ln i
Cl Y
l'|hn:-c.stl:.rm|l' '_ - Tox pux
Qsteam.nut
Po,
>
$ ( * ( ( C > % &
# 5 4 , (
¢ 4 4 4 ( 4 5
4 B Q 4 B B “ nee
B ( ( 4 ( YU HeLH (
4 # ( >4 ) 4 (
( ( R B =
C , ( PusR B <po< # e
4 4 C > 2
> ?#
Gz? . C (
¢ C c 4
( B< R <y_PyH
Ph<py_ P < /
G -
% B ( ( c (
C 4 : B # 5 4
C 4 , , B <y
<45C H # 6 4 ( (
( ’ C " ( # ’
C # K ( (
F ( C F
B C 4 # " ,



: SH— (, Pu—

( ( # % B (* C
F ( C 4 : S #O
C Sy <mpa <$47%45 o ;
%k , B C # 5
c 4 , > 3&'P ( 4
C , 4 F (
, , # K (
42 4 6 (,
(, ( ( > 2&48PHF 5 ,
B , B 2 4&9
( 4 . >@&R > B
% & (
) > e
(, # 5 4

& &y, >R L iR s), >Fw +

N v )
& _
vl ii G
5 4 , 4
* : (¢ <
4 ( 4
B 4 ( # 5
) 4 b
4 < # K
C >|_.|_# ' >@L_
( 4 , C
4 # 5 B (
4 #
% £&¥:'
5 ( 4 F B
-kC C (
C # 5 ( 4 ,
4 C # 5 |
C 4 * ( C 4 *
H—S ? ( >ern
d"@a
>e"HeH— 8 & 3

DO

ON@

(



Ph_— 4 B (, 4 # "
C 4 : : 4
( , C4 #5 Pu—
( C R
(
: ( (
B B C 4 ( B (
B ( ( B
( 4 : (
F (# = B & D3 K # 4
, 4 (, :
. # E 4 4
H
4 ( < ( <u— (
4 R( P> * 2 A&
B > ? # # (, R P4_ (
4 < (<> ,,* 4 2 4&9
(, : 4 ( >
2 A&8P#
? 'y
( # 5 > ?
( ( 4 4
= B ( 4 ( : B
, C # 2
* 4 4 ( P;
4 > ? 4 C #
4 * A F B
: 4 *C( < 4
C 4 # 2 : 9 ,4 % E B (
, # 5 ( 4
C (
d-oa
>E"H e -8 & 3 L ,HJ?_ / N
d«t
< * , # 2 , 4 C
B ou— ( C , 4 * 4
Cc *, 4 , B # 2 .,L.,H_F4
F B ( 4
# 5 ( H &
: B ( Q"==2&5 ( ( (



D8

: 42 LEn.
C 4 A (
, MWE wWESB (¢,
v, C ( P4 FO R , Py_ (,
4 , # 5
C , ¥ B
B/ K# (G * *
“ He.e— — 4
P Pu# 5 , C
4 ( 4 B
d"©a
>€"H “ H@.— _"§ C'3 3 'L',HP
d«t
““He.- — F®
" 4 Q B
4 (, B B
&DRE /L 4 ( C 4
4 , ( C ( &I#4 3F#
! £&:/\XZ[’7I
5 4 : (
, 4
(¢, , B F? >
> FO? ( 4 R /95
( C ( 4 B °4 T ~tsge
( * (
gH7/P
, T
2 3, 2_ 3, «"g8" 351"§ " 23, "GO
K ( 2. 2y 4 C
24 (
1 B b 4 * (
., C (° #B (
C 4 ( G 4 B G NO , , B
* F® FO#+, 4 .. C ( 4
isé' > (’ B iéé‘.
(, ( ? (
LI ] C ( ’ ( ’
* ( 4 B



R

FO
2)Pc FOkea. a*"=g
4 C
( .®Y7U 3& m 4 (,
] * ( ] B C ]
( /7U
( B C > NO® B?# 4 ., C( 2 Pc
H— ( 4
R Pn#? :
HH# D 4
( ( 4 B
Py H
]/2©a
> i »>?2Y,i § 2 PC. C,H—3P ") “vvaé._i
Yat
4 ( 4 :
4 B
B He.— & " (
( ( B
#
&y,
(, 4 , . (, 4
C 4 , 4
4 B 1
B 4 ( ’ (!
( , (, 4 4 (
4 B B 4
( , (, 4
P 5 (
G 4 <y H#,5 (
( F 4 ,
(< , (, 4 4 > (, > 2?2 > 2
( 4 ?2# C ( , 4, B
) (, B
4 F , ,
# I ( (1 1
( C ( C 4 # 5

2 Pc

2)Pc

FCtog. +'

D1

FO

%o g ?
4

.4

4
( (

2

(

B B,
C
(. (



4 C ( ., (, 4 F ,
, C gl # B 4, |
( B B B C 4 # 5 , 4 B
B , 4 C 4 ( 4 # (
G : B ( ( 4, (,#(
K , 4 , , 4 ,
B , B (, (, 4#
)* B
2 * 4 4 F 4 ( C
4 # & ( ( ( , 4 ,
B # 5 4 ( B
B , ( 4 # 3, C
<TN5'~<TIV54 ( ( ( ' ! 4
4 B 4 # 5 4 *
( ( *, 4 (
4 C , 4
(°#' & ( L. nP ( (,
C , P FOR , Py2 ( B 4 (,
( ( # 5 , F
4 G"&'52 ( ( °
B, < 177 M% ( %96 >07#1;
(, ( ( : A
4 , * P
., C ( , R Ph_— ( (
4 4 H
o ah I a3 os Afel T tsein 2P
“ HeLH
4, ( B ( (+4 (C
4 C 4 * B G reLn # 5
4 ( 4B , # 5 @ ( A
4 , B 4 B
, 4 B<#.~< .EH
> 7 /-F
eLH S LH.EO
5 X , * 4 F
* > ? ( ( C # 2
’ 4 * % # 5
. ( , >
c (, ? #



9D

*

>4

>LeL —
GH EfYH-

(

, i 4
“H ETVH—E]«]S%
(, 4
( B # 5
(
( > ?
c , ( > C
( >S91 .77
>S0*.Q77?,
c, ( # 5
&D2 4 #
C 4 , ,
(
4
( # 5 (
4 (
/1077 M%
4 B
(
25
( 4
(

C



07

4 ( (
( B
( B (
C4 B
B ( (
B 4 <
(
25
4" , ¥
4 B
& 2 E,, C ( 2 #
(, B4
(
B , 4 25
4 ( :
(, B(
(
P 4 <, # B
* 4
( /9 ,#
B A (
( 4 (
C(S/.985#
# 5 '
(
( (
( R B
, B ( 4
( #
( 4
(., B( (



O O oo

(4

o O OO

0/



0 1 s %3

4 ( , ( (
, 4 4 ( , # E
' B 4 ’ (
(4 4 4 : 7 (
D7 4 ( , B , 44 B , B
L (( , 4
( * , PPk C 4
: ( A ( # , B :
F 4 C ( N
4 , C (
: # " 4 C ( 4 *
4 4 # B ( B 4,
F B cC 4 : 4 C 4 (
C 4 # 5 (,
( 4 B c 4 : 4 (
4 # 4 ( B
4 ( (’ * % *
C ( 202 4# C ( B 4 B
: , 4 ( 4 ID77
cC 4 , <y_ FI C 177 M% F B
cC 4 , , 4 4 B * /U #
* 9#1U Q * B 87U
( * B 7TU# 5 * * ,
(, B , ( ., B R B
( : | B (. ( 4
4 , 4 2 (4 li Dgpo : ( B 4
> 38[7; *  x
/#:DU ( # 5 , B
x ., C ( .7U 4
# % C ( 4 B
B B 4 4 (, # 6 (* B
( * * * ,
. C( . U ( > (< ( ( (
, (, 4 4 ( C (, 2# & (
( C (( * B #
B 4 , 4 4 C
*  * * 4 4 B
) B D-h8 B ( *
# 5 4 4 4 (, #

09



( 4
/D77 M%
“neLn L T7#:
C R
4 B
B
B
(
4
[. 77 M%#
Q *
( * B
B
'y 4
(
( 4
(B 4
(, ( (
B
( ( (
(, B
4 + « .
4
4
B C (

(

#

oD

(

F'i

4

C

4
B <

5 9( M%# (,

¢

(
4
C 4 ,
" B (
4

# 4

M %
SH—
4

ID77 M%

C

(, B # "

’
<

E L/g#rl?

T7deM%BH#T#8

(

F

/D7



4R B
( C
4
) ? 7
4
(
, # o
F4 4
4 )
#
.

Nbg. 7/ O 4% Up. 70 &q i £y -

oY) ¥}

1 O 4 ¥%q. 7" Ug. 70 &qa £y -
IT 029 % AN Q.20 oAl -

IT .29 %12 & -

Nobq 4 # O. 7z~ Up. 70 & a £y -

/T 029 %N Q}Aiﬁ: P A=TIE
029 % s N Qr WU ¢ A, -
/OTO®ZQ % N QU QEu

IT 0.9 %A ¥ € -
IT 079 % ¥ ¢.70& ¢ iy -
Noog. 2/ O 4 © &aW gE, -
IT ;D% N Q.20 gaEy -
/1;/@ ZQ % i Y Cor0& ¢ £, -
0
Rbq. 2 Op. 20 &g Ut gE, -
Nbez/ Og 7 Us 0 &ezEy -
Nobg. 7/ O 4 © &p a3l . 7 Eyv -
NVoz/ Og 0 & itk o.75r -
IT 029 % AY @O& gk -
Nobg. 7/ O a O &pa il .7 Ey -
2 % G-

00



" ( < 4 * |
( # E B (
| #
9 #
D # ! !
H# |
0#3$ % % ! & '
#) K ! '
8 #+ !
1#+ ) % - I !
% (! Lt % % & (!
(! b
(( , B ( < # 5 (
, Oksg , ( < 4
B ( 4 4 4 *7 INV¥O 5
4 , T7#7DM 9#. F ( ,  #
5 F ( ( ( 4 4 &5" 00; 2D
( =35 &% # (, > *9.7 (477 ,
( (, # 5 ( B :
(, cC 4 , B C 4 B
( #5 C4 , 44 (C
4 >, #7 ? >:7H97 ( U (C 4
? C 4>, 0#. ? W77 (+@# 5 C 4
: : ( 4 C 4 &35="# 5
4 (C (
(, # 5 (
cC 4 , B 4 C, (
4 B F ( > # # (
(, cC 4 | , ( ?2# 5 F
: : (,
(, B F ( (, #
3F ( ( 4 B F *( 4(
F (, PL 077 M% cC 4 :
<L 7#I: # " P <B B 5B #
: F-8PB #0:&,>B A , ? B
B # 5 : v 4 ,
4 : B ( : ( #
B F
B ( #



5 (
B

%7u8%7#07 742 7#BDy

(
C (#30/

08

( (
4 4
( 4
(
4
C 4
# (
4
C,
C (
B # E
(
( (
( 4
( #
(
( > ?
>4 ?
> ?#
(
( ( 4
# )
(
(
#
(, 91 M%
( (
4+ 4 #
(



01



R . 1
B ~ U,
C
(
> R
(
R B , ~
B C ( 4
B
4 * (
RL 7# 3

Y7P+$5 B # T

B A
3 ,
, R B
6 4 B
F :
R C
R
4 | R '
25 ,
4
( cC4 E
( (
B F
B (






B R
(
RL 7

' >077 UMIEF #/:

4 R



0 & B c, ( 4#
T#/ #
" % & )R+ - &
# g % & Y /. :
*0  #"""$ % 1 %& , | 2 :
4#1"$ ', - 2 4 % 5
6 7 41 #6 /$# - 9'2 80 $
2 8 # 9" $
#_
) #3" %4 % ' 5 ' 4 , "o
4
* 4 %&- ’ ' " 2
4 L. ' 2 4 ' %
1 % & : 92
40




% ( %28

4
t° H
O % R": a &Na
< 4 ,(
0 8 &( % B
R
5 6 7
(
( ( / *&*$ I
5 6 7
(
K
(& & |/ xg
5 6 7
&
cccec $!
5 6 7
&
(*

4
XD
4
<+%E €
( +

4

09



%

& 2y E

?#K

°$

B

*

>2 4 & &2?#

DJ

& 2 E*

(



RB 8,
R #5



















87



8/



89



8D



80






88



81









17



1/



19



1D



10






18



11






7)8

# @
L /#778#%# "
F (

?H#



#%4

#

¢

A

L /#778 ( 4

(

C 4H



0 @% 4

L /#7 "

(.
# #

L /#778 L 7#;;. ( 4
9

(
S #

4



5 B
?# ,ll ’
( 4
<
4 = ( <
L/#7 N8 #7/ 9
B
% (,

%7#&7#9. E DJ
%7#&7#9. 7#:12. 7#/dE.D‘J
%7#&7#. 7#12. 7#£D*J
%7#&7#. 7#82.7#DED‘J

%7#D&.7#89. 7#.2 7#.EDU

%7#9247#1. 7#D2.7#8ED‘J
%7#/98.‘7#:1. 7#92. 7#1EDJ
%7#/9&7#:1. 7#/@ 7#:1E.DU

& 2 &

25

*& H? =7 gy

<

( <
4 (

% B z°%

ooo#1D7
O./#;7:
087#7/;
08/#0.
08:#97.
017#18:
018#/8D
018#971
01;#D:0

L /#778 Y 727#&

4

>

<

A

9C9C9

>0& ?7>%2 ? by

I#778
I#779
1#77:
I#770
I#778
I#771
1#77:
1#77.
I#778

C

(

>



n %

5
5 F
2 ,
ap &
: 4 >
U%NG“@4 (%4,‘_(%45'_?0
5 a
, 4
4
aa. - Ay g

I#6 4
Lllg;H&

B ( : B
5 L 9#/Q9777 !

FG -N1%¥ , -NGE+" FFFT :(

4 B

B

/-E

/-N

%428



5 B B 4 > (?
( ( : 4 o , # 24a%E
( 4 (o % E W6 E

aT§45 i 4 ' ( 4
5L9;:#/Q9777 %H

g4y © *OIN FA"* FGFE- E E+<B-E " FFRT :(
rsq « G 4 4
rsq FOt.., E'f OFf" FFRFT :(



# 2

6&,

. :

(. > 4
(

& 2 E C (,
( 25 >5

DJ

X7 U# 5

; 08



K ( B 4 4(
4 4 '®5 B
B : F'4 g5 FQ. ,
< F < <y_<H
i o"m&U~U
o U . U
¢i1 FEF .. FO..1Fi&85; FO N"i:&5:8

U u u I
FBE .'E&:8 FOF-FH:&5:0
L i..
'sv s 0 TiTRar-FEF
5 , 4 (, (, (L O1D#'!
 Gn
# 5 7#0 4 ( B (
4  {w7 U# 9777 B
4 B e +( B +( ( ,
( C 4 o ( C (
( 4 C #
< ( : , (, 4 ( B C
( C 4

IEF



0 % £

6\
5 4 B C
C, ( O 5 B (
o # 2 : . 4 (
4 #
! # % B 4 4 B
% 3
< - ~ ~ ~
0 6\~ 0 6\~ 0 6\~
<- n 23 . .gl:I ~ mn .zu LI - . .zl"I
& _ 0 6 \OF =y 0 6 \OF~=y 0 6 \OF~=y
Aou u~ 0 Aou u~0 Aou u~0
"z gu nmes . gu nmey . gu
0 - 0 6 \OF+=y 0 6 \OF~=y 0 6 \OF~=y
S | v DY P
"6 UQ'_¥y "6 UQI_¥y "6 UQI_¥y
h ol g <. 3 2olg < g2 2olg o< g3
Yy You y You Yo u
<-> 8 6\ 8 6 \ 6 6\
& You" OO = y You" OU = i Vea" OU —=
, (! & <->'3 & <->'2 & <-> %3’
RS 6 6 \~ , 6 6 \~ , 6 6 \~ ,
& y, Yeu" O —= 00| ¥, Yoo Ol = 0@y Jou" Ol — "0y
, ( &. -> 3 &. -> @ &. -> %3
1 ? I 4/
6_6_(7 3 4 +( C (
Voo EC 4 * ( C
Vi / EC 4 * (
Vi Vou WY % 4 C 4~ ( C
: e+ (( ¢
“od ( C ( C g?



4 8

(4

(21

F&

/E-

D:/ g+(

o %BEMAN'B
o (% E
# 5 (, 4



$68

I #

9#

D#

O#

8#

1#

17#

I1#

19#

/D #
/10#

I #

/8 #

I1#

#R ( #R E B #R ! =#R % B#RH#R $ #RBR &
& ( ( * ( < #
$6 #@>DD? "9D/0A E'H /7#/7D:+ 8 ,7D/.:4#
% # K#R = : &#R 5 | 4 # "#o(
% ( & R "( : = : &
5 4 H [K 4 #%#\R K =H# # [ #
$1 ( #R ] "# #R K I#R & ] &#R EC5# 3 % ED
% 9 EO & ED $ C , # $66/®@ >//? 077.
07/D E'H [7T#179/+ (7117.7 #
6#R 3 =# # EC 4 ( * ( & 5 ED#
40%@ /¥; E'H , H++ # A4+F7# 3182 7THD
5 #R | I#R 5 5#R  ( ( E#R 5 #R = ( =#R
C 4 ( ( & T BC DHFHP#
40#8@® >979Q@DIE'H, H++ C# # A+/D#[8,887 7740
#R #R & # 3#R "< | "#R B %#R#R B
& ( #R $ #R & %# $ C ( % ED % TH#H:& T#
4 , B ## $6 + E'H /7#/7D;+ 1 77:99 #
#R 4 &#R $ #R & Co# 5 ( 4( 'E, B
4 & $ C % # # % &
$6
4 #R % K#R " 4 5#R "#R = $#R  ( "#R &
B 4 &#R # #R 5 %#R % &#R % #R I# "#R
(, . 4 (, '#$6 "® /.777; E'H
|7T#/7D:+ #OT/ . # . #
E 4 &# #R $ K# #R "#R #R | #R % &#R
I# "#R % # ( >, (4 *2H ", ,
( ## $6 @8: DY ; E'H
, H++ # 4+/7#1718+ #  (( HOTIOHITHTI  #
2 < # ( ( ( # $6 6@>0? *M0A
E'H CH++  # A+ [TH#HITIB+ #,( HOTT #T7 . #T7T79#
2 #R 4 &#R $ #R & * %ot R < B ,
( ( , 4 ( (# & $6 @D
>/? /978D E'H CH++  # A+ [T#HITI8+ # ,, ( A#97/0#7:#7D8#
#R #R #R #R #R #R I#R $
4 , B ( ( ., %6 8 #
(B # #3 B & H /;;:#
& ( ) #R # . [ #
$6 "@7 >/?*{:DE'H [T#/771% /|70,0PB#
B %HR " 5#R | #R & , &# E C 4
& 2 BD( \# $66 @ >/1? *D:BD E'H
/7T#/7D:+ 7007/ #
4 &#R B & #R #R & % # (,(, 4
( ( c Q" ( ( o ( ( , (4
( # & $6 +@ /0/ >& ,, ( %? *79;/ E'H
CH++ # 4+/7#17/18+ # #97/8#//#79D#
4 &#R #R# #R & #R & %# o ( ( (
C 4 (, 4 ( & $6 0O@®7 99D, E'H

H++ # 4+/7#/7/8+ # #OT7/:#7.#78D#



[ #

[ #

97 #

9/#

99#

9D #

90#

98#

91#

D7#

D/#

Do#

DD#

DO#

D.#

#R 4 &#R $ %#R ®3% E%% 3 '%" E@ 3= 6 '=
2E$ ' $E 3 $E 3= $E 6%5'E= '= &E "$ $3 E@ %(% 3&# '
% # Y*6%. 4 % 97/:#
4 &#R $ #R 4 #R & %4t % ( C
# & $6 "/@9 /M7T99 E'H C H++  # A+[7#]718+ # #OT/ . #I7#
"# #R $# %# &# # #R & %# &# # #R
$ Ea % # &Ht | 0 1 + *2 + 324
# # R & = > 8&=B ( %" >6 & ?2H 97/1
(H3 R & < H /8 ,#
$ ( #R & # #R 5 4 "#R#R Eb $# % TE9. T#1.EI
c ", ( 4, B*, C ( ( 4 & 6t
& |/ $6 0 E'H /7#/7D;+ : 7/;:; #
4 &#R 5 | # ( B F %
= B & # & # $666@07? *:® E'H /T#/771+ 77:;1777D;8 #
= = 4 4 2
# 9 # 4+ + * + % x4 B+ > :
97/:7?
& ( #R % (, &# # Q91D !? *>D77 (
( & 2#ECH $668@ >//? *®7;9 E'H
H++ C# # 4+]7TBSI.NSHTSOTTFI ;
I 4 $# $#R K# #R "# & , Q , (o #
# A4+#@® .88 E'H /7#/7D:+98/.88 7#
B % # R 3#R = 5#R & &#R " 5#R 5* ( 5# ,
\R [ ( \[, \L.7#.77#F#9 4 ,
4 * ( c' # $66>@®7? *D8/ E'H /7#/7D;+ 97;9D8 #
# B 48 , &5 ( ( $ C %*
5 56 > B ? 97/;#
= #R 3B "#R VC& GHED > L 2?, B (
( 4 B ( ( #oo#
% & $66D@ >/17? *1UAM9 E'H , H+## /2 84 +# #OTT7;#T78#718#
$ %# =# $#R &# & ( ( , 4 4 4 #
7 $6 +/@ >./? /DDD;D E'H

|7T#/71D+, #/1%7/70//0
& # $#R K #R & @ "# Q@ 4 ( B $ C
4

& 5 ( ( &, &E BHEO$6 @ >:? *09.7

09.1 E'H /7#/79/+ D7/;9D #

3( "# "#R K B 4* %#4 , 25 ( 4

C4 B ( 4 "E>D? , B "#56 +@ /17/.D E'H
IT#17D:+ #97/1#/.D#

3( "# "#R & # 3#R | &H#R 4 A% HRAK B (, %#

& 4 B 5 ( ( K &, 4 ", #

$6 #@ >/8? *8D0O E'H /7#/79/+ # (( #8 7//:9¢#

1< # 5#R B # # E 3 %E & 9 B

5 ( ( % (EC $ C% H5 ® , $ ' &# 6 I#
$6 "®@ >9? Y700 E'H /7#/79/+ .7987/ #
$ 4 5# B * (
4 # # $6 0@ >:.? /77999 E'H /7#/7D;+ 9 DO8/1 #

#R #R "4 %H#R $ #R & %# ", (

( C ( C R # B # $6 +@D8?

[:;./%:;88 E'H [7T#/7D;+ 1 7.79. #



D8#

D1#

07#

0/#

09#

OD#

00#

0.#
08#

01#

=4 B &# &#R 3( "# "#R # "#R 2#R E< #R K B

, , ( # #4 # $6 +@
:>/? 9:. E'H /7#/7D/:¥ 0D
=# =#R # &# B , ( 8 E , 6 ## 44" @>07
91M:D E'H , H++  # A¥QIHIF|SMHFHT/
H#R 5" #R#& *# & |, YPEDB=9 4 (C * 4 %E ,
4 , B 6 # 44 @. >D? *Mm8D E'H
, H++ # A4+ ]7HTI@*7 2. 7KH .
'# &# % , C (#(&# #
$6641B >/?7,D E'H /7#//07+ *7T//+TO#7;
#R #R $ #R & *E % * 5 4
, B B F , # $6 0@/. *al E'H
, H++ # 4+]T7T#1718+ #  #OT/1#/I9#7/7#
#R #R & #R $ #R & %#R & () # %
, (, ( & 2cER EDVJ# $6 Hr: FO..
E'H , H++ # 4+ /7#1718+ #  #OT7/1#T78#7/0#
& $# $ B B ( (
4 # 4+#@D9 >.? *181 E'H
H/7#//71+&7.811D;01877/../#
! #R %# 5#R 2 4 3# # K#R# 9
" 9 ) 9! . 4B7/D#:
I- $# 6 4 (& *&( % 5 ( " 4 % E9
% E/ 111 > ( ?# 4 " 4 6 B < - 4 [ #
"# ' # #" 9 # Q77 #
"#R E 4 &# #R #R % K#R $ K# #R &#R %
#R % #R % ((# "# H 5 H " ( 4 ( Vs
4 ( B $# $6 @/ >/? 711779 E'H
H , H++ C# # A4+ /7#/#8D+/#0:/9D9D
#R %R 24 #R ) E#R & $ARHR B < '# # 5 ( (
% E9 5 ( ( 2 & # 6 '# $6 "@; >97? #T77] E'H
[7T#1791+ .7/;:19#
! E#R " %# #R &, # # # 4 ( H /;;D#



