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Supplementary Experimental Details

EDS analysis

Energy Dispersive X-Ray Spectroscopy (EDS) was performed to obtain information on
the elemental compositions and atomic percentage. Ca,_,Mn,MnTaOg¢ (x=0.4, 0.6, 0.8
and 1.0) are presented as typical examples. Before scanning process, all samples were
dried and coated with gold to strengthen the electron conductivity. For every sample,
3 grains were probed; we take the average of three measuring atomic percentage on
the basis of EDS peaks. The Ca/Mn/Ta ratios of Ca,,Mn,MnTaOg are summarized in

Table S1.



Supplementary Figures
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Fig. S1 X-ray powder diffraction patterns of Ca,.,Mn,MnTaOg: (a) x = 0.4 at 1623 K
under AP; (b) x =0.4 at 1623 K under 5 GPa; (c) x = 0.6 at 1623 K under AP; (d) x = 0.6
at 1623 K under 5 GPa; (e) x = 1.5 at 1623 K under 7 GPa; (f) x = 1.6 at 1623 K under 7
GPa; (g) x = 2.0 at 1573 K under 7 GPa; (h) x = 2.0 at 1623 K under 7 GPa; (i) x = 2.0 at

1523 K under 8 GPa. Signals of the impurity phases are remarked by different symbols.
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Fig. S2 The deconvolution of Mn 2ps3/, XPS spectrum for CaMnMnTaOs.



Supplementary Tables

Table S1 EDS analysis Ca/Mn/Ta ratios of Ca,,Mn,MnTaOg with x = 0.4-1.0

x=0.4 x=0.6 x=0.8 x=1.0

Expected ratio 16:14:1 14:16:1 1.2:18:1 1:2:1
Observed 1.53(7):1.37(6): 1.27(6):1.32(6): 1.19(5):1.87(9): 0.98 (4): 1.97 (9) :

ratio 1.00 (5) 1.00 (5) 1.00 (5) 1.00 (5)




Table S2 Structure refinements results of fractional atomic coordinates, occupancies

and isotropic displacement parameters (A2) of Ca,,Mn,MnTaOg with x = 0, 0.2, 0.4,

0.6,0.8and 1.0

x=0 x=0.2 x=0.4 x=0.6 x=0.8 x=1.0
x=0.51 x=0.32

a/A  55707(2) 5.5731(1) 5.5414(1) 5.4816(5) 5.5512(2) 5.450(1) 5.4160 (2)
b/A  5.4620(2) 5.4558(1) 5.4203(1) 5.4838(5) 5.4197(3) 5.4519(9) 5.4330(3)
c/A  7.7268(2) 7.7371(2) 7.7231(2) 7.7030(2) 7.7478(5) 7.7353(3) 7.7241(3)
v/AR3 235.10 (1) 235.25(1) 231.966(8) 231.55(3) 233.10(2) 229.85(6) 227.28(2)
Cal/Mn2 4c (x,y, 1/4)
X -0.0166 (8) -0.0262 (8) -0.0409 (5) -0.0327(8) -0.0377(13) 0.0325(10) 0.0315 (10)
y 0.0316 (8) 0.0227 (12) 0.0247 (7) -0.0248 (13) 0.0489 (12) -0.0379 (8) -0.0357 (8)
Occ. 1 0.9/0.1 0.8/0.2 0.75/0.25 0.84/0.16 0.6/0.4 0.5/0.5
Bio 2.00(15) 2.00(16) 2.0(2) 2.0(2) 2.0(9) 2.0(2) 2.0(3)
Mn1/Tal 4a (1/2, 0, 0)
Bio 2.44(14)  2.21(15) 2.1(2) 2.5(2) 2.1(8) 2.3(2) 2.7 (3)
O14c(x,y, 1/4)
X 0.0525(18) 0.050(2) 0.001(3) 0.051(4) 0.024 (6) -0.044 (6) -0.034 (5)
y 0.481(3) 0.439(3) 0.4048(16) 0.470(6) 0.469 (4) 0.505(3)  0.493(3)
Bio 4.0 (4) 4.0 (5) 4.0 (4) 4.0 (6) 4.0 (11) 3.5(7) 3.6 (6)
028d(x,y, 2)
X 0.7965 (15) 0.7971(17) 0.7966 (11) 0.683(4)  0.794(3)  0.832(6) 0.810(3)
y 0.212(2) 0.210(2) 0.2120(14) 0.302(5)  0.198(3)  0.180(7)  0.175 (4)
z 0.0496 (8) 0.0385(13) -0.0397 (9) -0.0505 (13) -0.015(4)  0.0177 (19) 0.0305 (18)
Biso 1.9 (4) 2.6 (4) 1.9 (3) 3.0 (4) 1.5(11) 2.1(4) 4.0 (5)
Rup (%) 7.93 8.96 5.77 5.42 6.69 8.09
R, (%) 5.77 6.53 4.25 4.06 4.84 5.78
X 2.35 2.72 2.25 2.12 2.54 3.29



Rs (%) 4.13 4.81 2.72 2.87 2.33 2.64 2.67




Table S3 Selected bond lengths (A), BVS and (Mn1/Tal)Og octahedral distortion

parameters of Ca, ,Mn,MnTaOgwith x=0, 0.2, 0.4, 0.6, 0.8 and 1.0

x=0 x=0.2 x=0.4 x=0.517 x=0.8 x=1.0
(Cal/Mn2)-01 2.485 (17) 2.311(17) 2.073(10) 2.75(3) 2.989 (17) 2.894 (17)
(Cal/Mn2)-01 2.600 (11) 2.693(12) 2.631(16) 2.64(2) 2.80(3) 2.73(3)
(Cal/Mn2)-02 (x2) 2.110(9) 2.166 (11) 2.473(7) 2.29(2) 2.33(2) 2.372(17)
(Cal/Mn2)-02 (x2) 2.807 (10) 2.805(11) 2.617(7) 2.634(15) 2.42(3) 2.450 (15)
(Cal/Mn2)-02 (x2) 2.938 (8) 2.868 (11) 2.859(7) 2.89(2) 3.09 (3) 2.961 (18)
<(Cal/Mn2)-01> 2.543 (14) 2.502 (15) 2.352(13) 2.695(3) 2.895(10) 2.812(10)
<(Cal/Mn2)-02> 2.618 (9) 2.613(11) 2.650(7) 2.605(6) 2.613(3) 2.594(17)
<(Cal/Mn2)-0> 2.599 (10) 2.585(12) 2.575(9) 2.627(5) 2.684(5) 2.649(15)
BVS(Cal) 2.14 2.09 1.95 1.61 1.60 1.56
BVS(Mn2) - 1.29 1.21 1.00 0.99 0.96
BVS(Cal/Mn2) 2.14 2.01 1.80 1.43 1.36 1.26
(Mn1/Tal)-01 (x2) 1.9565(17) 1.982(3) 1.999(2) 1.953(4) 1.949(4) 1.940(3)
(Mn1/Tal)-02 (x2) 1.977 (10) 1.967 (10) 1.950(7) 1.98(3) 1.98 (4) 1.944 (18)
(Mn1/Tal)-02 (x2) 2.053 (9) 2.035(10) 2.029(7) 2.09(2) 2.06 (3) 2.06 (2)
<(Mn1/Tal1)-01> 1.9565 (17) 1.982 (3) 1.999 (2) 1.953 (4) 1.949 (4) 1.940 (3)
<(Mn1/Tal1)-02> 2.015 (10) 2.001(10) 1.990(7) 2.035(3) 2.020(4) 2.002(10)
<(Mn1/Tal1)-0> 1.996 (12) 1.995(8) 1.993(5) 2.008(3) 1.996(4) 1.981(8)
BVS(Mn1) 3.19 3.19 3.21 3.11 3.19 3.33
A[(Mn1/Tal)0¢]x10*  4.33 2.14 2.67 8.71 5.49 7.89

9The data for x = 0.51 phase is shown only in the x = 0.6 case.



Table S4 Binding energy values and percentage peak areas of the Mn%*, Mn3* and Mn**

calculated from the Mn 2p XPS signals.

B.E. (eV) Percentage peak areas (%)

Expected value  Observed value

MnZ* 640.6 50 60

Mn3* 641.8 50 30

Mn#* 644.0 0 10




Table S5 Magnetic parameters of the Curie-Weiss Fits of Ca,_,Mn,MnTaOg (x = 0-1.0)

measured in 0.1 T magnetic field.

Compound 0 (K) T/ Ty (K) Hert (He/f.u.) Hea (He/f.u.)
x=0 39.4 19.6 5.33 4.90
x=0.2 234 44.0 5.37 5.57
x=0.4 -64.6 11.6 7.69 6.14
x=0.6 -108 16.6 7.59 6.71
x=0.8 -149 22.5 7.94 7.21

x=10 -260 23.3 9.55 7.68




