Table S1 Crystal data and structure refinement for a 98.5 mol % (KosNaos)NbOs-1.5 mol %
Ba1osNbo77Os single crystal grown on a [001] KTaOs seed crystal by sintering at 1135 °C for 20 h

(KNBaN).
Identification code KNBaN
Empirical formula KosNaosNbOs
Formula weight 171.96
Temperature/K 296.15
Crystal system monoclinic
Space group P2
a/A 3.9761(4)
b/A 3.9637(5)
oA 3.9918(4)
al® 90
p/° 90.072(6)
Y/° 90
Volume/As3 62.911(12)
V4 1
Qaalcg/cm? 4.539
w/mm-! 5.421
F(000) 80.0
Crystal size/mm3 0.2x0.1x0.05
Radiation MoKa (A =0.71073)
20 range for data collection/° 10.214 to 52.862
Index ranges -4<h<4,-4<k<4,-5<1<4
Reflections collected 633
Independent reflections 229 [Rint = 0.0160, Rsigma = 0.0146]
Data/restraints/parameters 229/1/26
Goodness-of-fit on F2 1.006

Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

Ri = 0.0212, wR2 = 0.0575
Ri =0.0212, wR2 = 0.0575
0.86/-0.83

0.48(13)

Table S2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters
(A2x10%) for KNBaN. Ueq is defined as 1/3 of the trace of the orthogonalised Uy tensor.

Atom X y z U(eq)
Nb1 0 6192.8(2) 5000 4.6(5)
01 0 11380(170) 5000 30(4)
02 5000 6400(200) 5000 29(6)
03 0 6360(190) 0 28(4)
K1 5000 11450(170) 0 13(6)
Nal 5000 11450(170) 0 13(6)




Table S3 Anisotropic Displacement Parameters (A2x10%) for KNBaN. The Anisotropic

displacement factor exponent takes the form: -2m2[h2a*?Un+2hka*b*Uz+...].

Atom Un U2 Uss Uz U Un
Nb1l 4.4(5) 7.0(15) 2.4(5) 0 -0.2(3) 0
01 39(5) 4(13) 46(6) 0 -14(4) 0
02 30(5) 10(17) 46(6) 0 -10(4) 0
O3 35(5) 16(13) 35(5) 0 -10(4) 0
K1 17.7(15) 5(17) 16.3(16) 0 -2.1(11) 0
Nal 17.7(15) 5(17) 16.3(16) 0 -2.1(11) 0
Table S4 Bond Lengths for KNBaN.

Atom Atom Lengt}ﬂf& Atom Atom Lengtlﬂf&
Nb1 o1t 1.91(7) 02 K15 2.80(10)
Nb1 01 2.06(7) 02 K1 2.82(10)
Nb1l 02 1.990(4) 02 Nal3 2.82(10)
Nb1 022 1.990(4) 02 Nals 2.80(10)
Nb1 033 1.997(3) 02 Nal! 2.80(10)
Nb1 03 1.997(3) O3 Nb110 1.997(3)
Nb1 K14 3.39(4) O3 K1 2.83(9)
Nb1l K15 3.39(4) 03 K12 2.83(9)
Nb1 Nal4 3.39(4) 03 K14 2.78(9)
Nb1 Na1ls¢ 3.39(4) O3 K1t 2.78(9)
Nb1l Nals 3.39(4) O3 Nal? 2.83(9)
Nb1l Nal! 3.39(4) 03 Nal4 2.78(9)

o1 Nb17 1.91(7) 03 Nal! 2.78(9)
01 K1 2.8190(14) K1 O1u 2.8190(13)
01 K18 2.8190(14) K1 O11 2.8154(13)
01 K12 2.8154(14) K1 o1° 2.8154(13)
01 K13 2.8154(14) K1 Q210 2.82(10)
01 Nal2 2.8154(14) K1 027 2.80(10)
01 Na1l?8 2.8190(14) K1 0212 2.80(10)
01 Na1l3 2.8154(14) K1 0313 2.78(9)
02 Nb1° 1.990(4) K1 037 2.78(9)
02 K13 2.82(10) K1 03¢ 2.83(9)
02 K1t 2.80(10)

4X,-14Y,4Z; 2-14X4Y +Z; 3+ X 4Y, 147, 414X, -1+Y +Z; 54X -14Y, 1+ Z; 6-1+4X,-1+Y, 1+Z; 7+ X, 1+Y +Z; 8-
1+X,+Y,1+7Z; 1+ X,+Y +Z; 0+ X,+Y,-14+Z; 11+ X,+Y,-1+Z; 24X, 1+Y,-1+Z; B1+X,1+Y +Z



Table S5 Bond Angles for KNBaN.

Atom Atom Atom Angle/” Atom Atom Atom Angle/’
on Nb1 O1 180.00(2) K1 02 K1 89.59(3)
on Nb1 022 93(2) K1 02 K13 180(4)
on Nb1 02 93(2) K13 02 K1 90(4)
o1 Nb1 03 92(2) K11 02 K15 91(4)
o1 Nb1 03 92(2) K15 02 K13 89.59(3)
O1 Nb1 K14 123.7(10) Nal® 02 Nal? 89.59(3)
o1 Nb1 K14 56.3(10) Nal! 02 Nal5 91(4)
01 Nb1 K15 123.7(10) Nal! 02 Nal?® 180(4)
o1 Nb1 K15 56.3(10) Nb1 03  Nblw 176(4)
o1 Nbl  Nal* 56.3(10) Nb1® O3 K1 91.3(15)
O1 Nb1 Nal® 123.7(10) Nb1 03 K12 91.3(15)
O1 Nb1 Nal¢ 123.7(10) Nb1 03 K14 88.6(16)
01 Nbl  Nals 123.7(10) Nb1 03 K11 88.7(16)
o1 Nbl  Nal! 56.3(10) Nb1® O3 K14 88.7(16)
01 Nbl  Nal! 123.7(10) Nb1® O3 K12 91.4(15)
on Nb1 Nal® 56.3(10) Nb110 03 K1 88.6(16)
o1 Nb1 Nal¢ 56.3(10) Nb1 03 K1 91.4(15)
02 Nb1 01 87(2) Nb1 03 Nal? 91.3(15)
022 Nb1 01 87(2) Nb1 03 Nal! 88.7(16)
o2 Nb1 022 175(5) Nbl0 O3 Nal2 91.4(15)
02 Nb1 03 89.84(14) Nb1 03 Nal* 88.6(16)
022 Nb1 033 89.84(15) Nb11w0 03 Nal* 88.7(16)
02 Nb1 03 89.98(14) Nbl® O3 Nal! 88.6(16)
022 Nb1 03 89.98(15) K14 03 K12 89.81(6)
022 Nb1 K15 127.6(13) K14 03 K11 91(4)
o2 Nb1 K14 127.6(13) K11 03 K12 179(4)
02 Nb1 K15 56(2) K12 03 K1 89(4)
022 Nb1 K14 56(2) K11 03 K1 89.81(6)
022 Nbl  Nal! 127.7(13) K14 03 K1 179(4)
02 Nb1 Nal! 56(2) Nal! 03 Nal? 179(4)
022 Nb1 Nal5 127.6(13) Nal# 03 Na1? 89.81(6)
02 Nbl  Nals 127.7(13) Nal 03 Nal! 91(4)
022 Nbl  Nal¢ 56(2) o1 K1 o1 90.22(5)
02 Nb1 Nal® 56(2) O110 K1 o1t 89.77(5)
o2 Nbl  Nal 127.6(13) o1 K1 0110 179(5)
022 Nb1 Na1¢ 56(2) o1° K1 o1 89.77(5)
033 Nb1 01 88(2) 01 K1 o11 179(5)
03 Nb1 01 88(2) 019 K1 o1 90.22(6)
03 Nb1 033 176(4) o1° K1 0210 120(3)
033 Nb1 K15 55.3(18) o1 K1 021 120(3)
033 Nb1 K14 127.4(13) o1° K1 02 59.5(14)
03 Nb1 K15 127.4(13) o1 K1 o2 120(3)
03 Nb1 K14 55.3(18) o1n K1 0210 59.5(14)
033 Nb1 Nal! 127.5(13) o110 K1 0210 59.5(14)
033 Nb1 Na1¢ 55.2(18) o1 K1 02 59.5(14)
033 Nbl  Nals 55.3(18) o11 K1 02 120(3)
033 Nbl  Nal 127.4(13) O1n K1 03 119(3)



O3
o3
o3
03
K14
Nale
Nal*
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Nal*
Nal*
Nb17
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Nb17
Nb17
Nb17
Nb17
Nb1l
Nb17
Nb17
Nb1l
Nb1
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Nb17
K13
K18
K12
K13
K12
K13
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Nb1
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Nb1l
Nb1°
Nb1
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Nb1
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Nb1
Nb1
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Nb1
o1
o1
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o1
o1
o1
o1
o1
o1
o1
o1
o1
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o1
o1
o1
o1
0O1
o1
o1
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02
02
02
02
02
02
02
02
02
02
02
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02
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Nal*
Nals
Nal?
Nals
K15
Nal?
Nal?
Nal?
Nals
Nals
Nale
Nb1l
K13
K1
K18
K1
K13
K18
K12
K12
Nal?
Nals
Nal?
Nals
Nal3
Nals
K12
K1
K1
K18
K18
K1
Nals
Nals
Nal?
Nb1?
K11
K1t
K13
K15
K1
K15
K1
K13
Nal?
Nals
Nals
Nal!
Nal5
Nal5

55.3(18)
127.4(13)
55.2(18)
127.5(13)
112.5(19)
112.6(19)
71.9(9)
72.2(9)
71.9(9)
112.5(19)
72.2(10)
180.0
91(2)
91(2)
91(2)
89(2)
89(2)
89(2)
89(2)
91(2)
89(2)
89(2)
91(2)
91(2)
91(2)
89(2)
179(5)
179(5)
89.77(5)
89.77(5)
90.22(6)
90.22(7)
89.77(5)
90.22(6)
179(5)
175(5)
88.2(17)

o110
o1°
o1°
Olll
O1
0110
o1
027
027
o212
027
0212
02]2
02]2
027
027
0210
027
027
0212
0212
02
0210
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0212
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027
0210
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0313
0313
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037
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037
0313
0313
0313
037

K1
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K1
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o3
03°
o3
039
o3
03°
03°
Ol 11
O1
o110
01°
o1
o1°
Oll]
o110
0210
(0]
02
o212
0210
02
o3
o3
03°
o3
03°
o3
039
03°
o1
0110
O1
o1°
Ol 11
0110
Ol 11
01°
0212
0210
027
0210
o212
02
0]
027
039
03°
o3
037
o3

59.9(16)
59.9(16)
119(3)
59.8(16)
59.8(16)
119(3)
119(3)
121(3)
60.1(14)
60.2(14)
60.2(14)
121(3)
121(3)
60.1(14)
121(3)
180(4)
90(4)
89.59(3)
91(4)
89.59(3)
180(4)
60(2)
60(2)
120.0(9)
120.0(9)
60(2)
120.0(9)
60(2)
120.0(9)
60.1(16)
121(3)
121(3)
60.2(16)
121(3)
60.2(16)
60.1(16)
121(3)
61(2)
119.7(9)
61(2)
119.6(9)
61(2)
119.6(9)
119.7(9)
61(2)
179(4)
89.81(6)
179(4)
91(4)
89.81(6)



K15 02 K1 180(4) 03° K1 03 89(4)

4X,-14Y,+Z; 2-14X4Y +Z; 34X+, 1+ Z; -1+ X,-14Y 4+ Z; 5+ X,-1+Y, 1+ Z; 6-1+X,-1+Y,1+Z; 7+ X, 1+Y ,+Z; 8-
1+X,+Y,1+Z; 21+ X, 4Y +Z; 0+ X, +Y,-1+Z; "1+X,+Y,-1+Z; 124X, 1+Y,-1+Z; ¥1+X,1+Y ,+Z

Table S6 Atomic Occupancy for KNBaN.

Atom Occupancy Atom Occupancy
K1 0.5 Nal 0.5

Table S7 Crystal data and structure refinement for a 98.5 mol % (KosNaos)NbOs-1.5 mol %
Ba(Cu013Nbo.ss)Os single crystal grown on a [001] KTaOs seed crystal by sintering at 1125°C

for 10 h (KNBaCuN).

Identification code KNBaCuN
Empirical formula KosNaosNbOs
Empirical formula KosNaosNbOs
Formula weight 171.96
Temperature/K 296.15

Crystal system monoclinic
Space group P2

a/A 3.9714(6)

b/A 3.9683(5)

oA 3.9996(6)

al/° 90

p/° 89.999(9)

v/° 90

Volume/A3 63.033(16)

z 1

Qealcg/cm? 4.530

pw/mm- 5.411

F(000) 80.0

Crystal size/mm? 0.15x0.15x0.1
Radiation MoKa (A =0.71073)

20 range for data collection/°
Index ranges
Reflections collected

Independent reflections
Data/restraints/parameters

Goodness-of-fit on F2

Final R indexes [I>=20 (I)]

Final R indexes [all data]
Largest diff. peak/hole / e A3

10.194 to 49.582
4<h<4,-4<k<4, -4<1<4
705

234 [Rint = 0.0247, Rsigma = 0.0227]
234/31/26

1.028

R1=0.0248, wR2=0.0685

R1=0.0248, wR2=0.0685
0.67/-1.38




Table S8 Fractional Atomic Coordinates (x10¥) and Equivalent Isotropic Displacement Parameters (A2x103) for
KNBaCuN. U is defined as 1/3 of the trace of the orthogonalised Uy tensor.

Atom X y z U(eq)
Nb1 0 8821.9(2) 5000 4.1(5)
o1 5000 9050(150) 5000 30(5)
02 0 14030(140) 5000 27(5)
03 0 9050(150) 0 29(5)
K1 5000 14060(110) 0 11(3)
Nal 5000 14060(110) 0 11(3)

Table S9 Anisotropic Displacement Parameters (A2x10%) for KNBaCuN. The Anisotropic displacement factor
exponent takes the form: -2m?[h2a*?Un+2hka*b*Urp+...].

Atom Un Uz Uss Uz Uss U
Nb1l 4.0(6) 4.7(11) 3.5(6) 0 0.5(4) 0
o1 31(6) 14(13) 45(6) 0 0(5) 0
02 32(6) 8(12) 43(6) 0 -2(5) 0
o3 29(5) 13(13) 44(6) 0 1(5) 0
K1 15.2(19) 2(10) 16.3(19) 0 -0.3(14) 0
Nal 15.2(19) 2(10) 16.3(19) 0 -0.3(14) 0

Table S10 Bond Lengths for KNBaCuN.

Atom Atom Length/A Atom Atom Length/A
Nb1 o1 1.988(3) 02 K1° 2.8182(6)
Nb1 o1 1.988(3) 02 K11 2.8182(6)
Nb1 022 1.90(6) 02 Nal! 2.8182(6)
Nb1 02 2.07(6) 02 Nal® 2.8182(6)
Nb1 033 2.002(3) 02 Nal3 2.8182(6)
Nb1 03 2.002(3) 03 Nb110 2.002(3)
Nb1 K14 3.39(2) 03 K1 2.81(6)
Nb1 K12 3.39(2) 03 K1 2.81(6)
Nb1 K15 3.39(2) 03 K15 2.80(6)
Nb1 Nal? 3.39(2) 03 K12 2.80(6)
Nb1 Nal* 3.39(2) 03 Nal! 2.81(6)
Nb1 Nal® 3.39(2) 03 Nal? 2.80(6)

o1 Nb1é 1.988(3) 03 Nal5 2.80(6)
01 K1 2.82(6) K1 O11w0 2.82(6)
01 K17 2.81(6) K1 Oo1u 2.81(6)
o1 K13 2.82(6) K1 o18 2.81(6)
o1 K12 2.81(6) K1 026 2.8182(6)
01 Nal? 2.81(6) K1 0210 2.8182(6)
o1 Nal” 2.81(6) K1 0212 2.8182(6)
o1 Nal3 2.82(6) K1 038 2.80(6)
02 Nb1s 1.90(6) K1 036 2.81(6)
02 K13 2.8182(6) K1 03 2.80(6)

02 K1 2.8182(6)




L1+X,4Y AZ; 2+ X,-14Y AZ; 34X 4Y, 14 Z; 4-14X,-1+Y,1+Z; 5-1+4X,-14Y +Z; 1+ X, +Y +Z; 7+X, -

1+Y,1+Z; 8+ X, 14Y,+Z; -1+ X,+Y,1+Z; 10+ X +Y,-1+Z; 1+ X, 1+Y,-1+Z; 21+X,+Y,-1+Z; B81+X,1+Y ,+Z

Table S11 Bond Angles for KNBaCuN.

Atom  Atom  Atom Angle/” Atom  Atom  Atom Angle/’
o1 Nb1 o1 175(3) K1 02 K1 89.594(19)
o1t Nb1 02 87.4(17) K1° 02 K1 90.40(3)
01 Nb1 02 87.4(17) K1° 02 K12 89.59(2)
o1 Nb1 032 89.88(12) K12 02 K1t 180(3)
o1 Nb1 03 89.89(12) Nal? 02 Nal? 89.59(2)
o1 Nb1 03 89.88(11) Nal? 02 Nal! 90.40(3)
o1t Nb1 032 89.89(12) Nal? 02 Nal! 180(3)
on Nb1 K12 127.6(10) Nbl1 o3 Nb110 175(3)
0O1 Nb1 K14 127.6(10) Nb1 o3 K1 91.8(12)
o1 Nb1 K14 56.0(14) Nb1 03 K14 88.2(12)
O1 Nb1 K13 56.0(14) Nb110 0K K1 91.8(12)
01 Nb1 K15 127.6(10) Nb110 o3 K13 88.2(12)
on Nb1 K15 56.0(14) Nbl1 o3 K13 88.2(12)
o1 Nb1 Nal3 127.6(10) Nb110 o3 K14 88.2(12)
o1 Nb1 Nal3 56.0(14) Nb110 03 K1 91.8(12)
o1t Nb1 Nal® 56.0(14) Nb1 0K K1 91.8(12)
01 Nb1 Nal> 127.6(10) Nbl1 o3 Nal! 91.8(12)
o1 Nb1 Nal* 56.0(14) Nb110 03 Nal3 88.2(12)
o1 Nb1 Nal* 127.6(10) Nb110 0K Nal! 91.8(12)
023 Nb1 O1 92.6(17) Nb110 0K Nal* 88.2(12)
023 Nb1 o1 92.6(17) Nb1 0K Nal* 88.2(12)
023 Nb1 02 180.00(2) Nb1 o3 Nal? 88.2(12)
023 Nb1 032 92.5(17) K13 03 K1t 180(3)
023 Nb1 03 92.5(17) K14 0K K13 90(3)
023 Nb1 K13 56.2(6) K1t o3 K1 90(3)
02 Nb1 K12 123.8(6) K12 o3 K1 89.955(12)
023 Nb1 K15 56.2(6) K14 03 K1 180(3)
023 Nb1 K14 56.2(6) K14 03 K1t 89.955(13)
02 Nb1 K14 123.8(6) Nal* 0K Nal! 89.955(13)
02 Nb1 K15 123.8(6) Nal* o3 Nal? 90(3)
023 Nb1 Nal3 56.2(6) Nal3 03 Nal! 180(3)
02 Nb1 Nal3 123.8(6) o18 K1 o110 180(3)
023 Nb1 Nal® 56.2(6) o110 K1 o1 90(3)
02 Nb1 Nal® 123.8(6) o1 K1 o1 180(3)
023 Nb1 Nal* 56.2(6) o1 K1 o110 89.550(14)
02 Nb1 Nal¢ 123.8(6) O1s K1 o1 91(3)
03 Nb1 02 87.5(17) o18 K1 o1 89.550(16)
032 Nb1 02 87.5(17) o1 K1 02 120.4(19)
03 Nb1 032 175(3) o1s K1 026 59.9(12)
03 Nb1 K12 55.7(14) o1s K1 0210 120.4(19)
032 Nb1 K12 127.8(10) O1s K1 02 59.9(12)
03 Nb1 K14 55.7(14) Oo1u K1 026 120.4(18)
032 Nb1 K14 127.8(10) o138 K1 0212 120.4(19)
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Nal?
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K1
K12
K1
K12
K1°
K11
K1°
Nal?
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55.7(14)
127.8(10)
127.8(10)
127.8(10)
127.8(10)
55.7(14)
55.7(14)
55.7(14)
72.2(6)
112.3(12)
71.6(6)
71.6(6)
72.2(6)
112.3(12)
175(3)

88.2(12)
90(3)
89.550(14)
91(3)
180(3)
89.550(12)
180(3)
89.550(14)
180(3)
91(3)
180.0
89.8(17)
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o212
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02
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0313
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03¢
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0210
o1
O1
o1
0110
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o1
0110
o110
026
0210
0212
0210
0210
026
o1
018
o1
01 11
O18
o1
0110
018
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Ol 11
o110
O1
o111
O18
Ol 11
o110
0212
026
0210
02
0210
02s
0]
0212
0212
02s¢
02
0]
0212
0210
0210
02s
038
o3

59.9(12)
59.9(12)
120.0(19)
59.6(12)
120.0(19)
59.6(12)
120.0(19)
59.6(12)
120.0(19)
59.6(12)
89.59(2)
90.40(3)
180(3)
180(3)
89.59(2)
90.40(2)
60.1(13)
60.2(13)
60.1(13)
60.2(13)
119.9(7)
119.8(7)
119.8(7)
60.2(13)
119.8(7)
60.2(13)
60.1(13)
119.8(7)
119.9(7)
119.9(7)
119.9(7)
60.1(13)
60.0(12)
60.2(12)
119.7(19)
119.7(19)
60.2(12)
119.7(19)
60.2(12)
119.7(19)
60.2(12)
120.1(18)
60.0(12)
120.1(19)
120.1(18)
60.0(12)
120.1(19)
60.0(12)
90(3)
90(3)



Nb1 02 Nal? 90.2(17) O3 K1 03¢ 89.955(14)

Nb1s 02 Nal2 89.8(17) 038 K1 03 89.955(14)
Nb1 02 Nalt! 90.2(17) 038 K1 03¢ 180(3)
K1 02 K19 180(3) 0313 K1 03 180(3)
K1 02 K12 90.40(3)

L1+XAY A2, 24X A+Y, 147, 34X, -14Y A7 414X, -14Y +Z; 514X, -14Y, 147, 614X, +Y 47 7+ X, -
1+Y,1+7Z; 8+ X,1+Y +Z; -1+ XY, 1+Z; 0+ X +Y,-1+Z; "+X,1+Y,-1+Z; 21+X,+Y,-1+Z; ¥1+X,1+Y ,+Z

Table S12 Atomic Occupancy for KNBaCuN.

Atom Occupancy Atom Occupancy
K1 0.5 Nal 0.5




