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Table S1. Structural types and space groups of the selenides ALnCuSes.!

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Y Er Tm Yb Lu Sc

EulnCuSes
Pnma Cmcem
2 2 [31] 2 2 2 2 2 [60] 2 2 2
SrLnCuSes
Pnma Cmcm
[26] [27] [27] [42] [42] [26] [42] [42] [42] [28,42] [42] [42] [42] [26] [36,42]
PbLnCuSes
Pnma
[37,39] [37,39,40] [37,39,40] [37-39] [33,39] [37-39] [37,39,41] [1,37,39] [37,39,41]
Bal.nCuSes
Pnma Cmcm
[30]
25] [30] [3] [28,30] [30]

1 Color code: yellow = Pnma space group; green = Cmcm space group; pink = Ba2MnSs structural type [22]; blue =
Eu2CuSs structural type [43]; orange = KZrCuSs structural type [23]; grey = f-BaLaCuSes structural type [30]; cyan =
BaLaCuSs structural type [25].

2 This work.



Table S2. Fractional atomic coordinates of EuLnCuSes.

Atom x Y z Atom X Y z Atom x y z
EuLaCuSes EuSmCuSes EuGdCuSes
Eu 0.0916(3) 1/4 0.78634(12) Eu 0.27628(13) 1/4 0.00032(9) Eu 0.27194(16) 1/4 0.00035(10)
La 0.2564(3) 1/4 0.03728(11) Sm 0.51584(12) 1/4 0.25937(10) Gd 0.51465(16) 1/4 0.25684(14)
Cu 0.1207(5) 1/4 0.3666(3) Cu  0.2370(3) 1/4 0.7221(2) Cu  0.2381(4) 1/4 0.7222(2)
Sel 0.1805(4) 1/4 0.2202(2) Sel  0.2609(2) 1/4 0.33001(14) Sel  0.2605(2) 1/4 0.32977(15)
Se2  0.3852(4) 1/4 0.4291(2) Se2  0.4091(2) 1/4 0.60224(16) Se2  0.4146(2) 1/4 0.6038(2)
Se3  0.0130(4) 1/4 0.60118(19) Se3 0.05134(18) 1/4 0.61368(15) Se3  0.0520(2) 1/4 0.6139(2)
EuTbCuSes EuDyCuSes EuHoCuSes
Eu 0.2679(2) 1/4 0.00090(13) Eu  0.2650(2) 1/4 0.00105(11) Eu  0.2571(3) 1/4 0.00103(9)
Tb  0.5125(2) 1/4 0.25561(18) Dy  0.5113(2) 1/4 0.2545(2) Ho  0.5070(3) 1/4 0.2521(3)
Cu 0.2389(5) 1/4 0.7226(3) Cu  0.2414(5) 1/4 0.7213(2) Cu  0.2439(6) 1/4 0.72130(18)
Sel 0.2598(3) 1/4 0.32966(19) Sel  0.2576(3) 1/4 0.32942(17) Sel  0.2555(4) 1/4 0.32908(15)
Se2  0.4189(3) 1/4 0.6057(3) Se2  0.4223(3) 1/4 0.6062(3) Se2  0.4287(4) 1/4 0.6083(4)
Se3  0.0532(2) 1/4 0.6124(2) Se3  0.0544(3) 1/4 0.6121(2) Se3  0.0590(3) 1/4 0.6100(4)
EuYCuSes EuTmCuSes EuYbCuSes
Eu 0.2637(3) 1/4 0.00084(18) Eu 0 0.75115(8) 0.25 Eu 0 0.75123(8) 1/4
Y  0.5089(4) 1/4 0.2537(4) Tm 0 0 0 Yb 0 0 0
Cu 0.2421(7) 1/4 0.7213(3) Cu 0 0.47090(18) 0.25 Cu 0 0.47062(18) 1/4
Sel 0.2581(4) 1/4 0.3297(2)  Sel 0 0.36007(9) 0.06277(12) Sel 0 0.36031(10) 0.06196(11)
Se2  0.4240(4) 1/4 0.6075(4)  Se2 0 0.07871(14) 0.25 Se2 0 0.07812(15) 1/4
Se3  0.0545(4) 1/4 0.6119(4)
EuLuCuSes
Eu 0 0.75130(9) 1/4
Lu 0 0 0
Cu 0 0.47055(19) 1/4
Sel 0 0.36046(12) 0.06177(13)
Se2 0 0.07798(16) 1/4




Table S3. Anisotropic displacement parameters (A2) of EuLnCuSes.

Atom Un U2 Uss U U Uz
EuLaCuSes
Eu 0.0104(18) 0.0085(16) 0.0092(16) 0.00000 0.0003(10) 0.00000
La 0.0149(16) 0.0123(18) 0.0118(16) 0.00000 —-0.0034(11) 0.00000
Cu 0.019(4) 0.024(4) 0.024(4) 0.00000 0.003(3) 0.00000
Sel 0.018(3) 0.012(3) 0.013(2) 0.00000 0.0019(19) 0.00000
Se2 0.011(2) 0.014(3) 0.012(2) 0.00000 —0.0001(16) 0.00000
Se3 0.013(3) 0.011(3) 0.019(3) 0.00000 0.0025(15) 0.00000
EuSmCuSes
Eu 0.0241(17) 0.0127(18) 0.0155(16) 0.00000 0.0000(9) 0.00000
Sm 0.0119(16) 0.0101(17) 0.0143(16) 0.00000 0.0003(6) 0.00000
Cu 0.020(2) 0.029(3) 0.021(2) 0.00000 0.0022(17) 0.00000
Sel 0.010(2) 0.017(2) 0.0134(18) 0.00000 —0.0002(12) 0.00000
Se2 0.020(2) 0.013(2) 0.010(2) 0.00000 0.0013(11) 0.00000
Se3 0.013(2) 0.015(2) 0.012(2) 0.00000 0.0009(12) 0.00000
EuGdCuSes
Eu 0.0274(19) 0.0175(16) 0.0158(16) 0.00000 —0.0008(11) 0.00000
Gd 0.0119(16) 0.0129(16) 0.0175(15) 0.00000 0.0008(7) 0.00000
Cu 0.022(2) 0.022(3) 0.025(2) 0.00000 -0.001(2) 0.00000
Sel 0.017(2) 0.0174(18) 0.0096(19) 0.00000 —0.0021(16) 0.00000
Se2 0.016(2) 0.015(2) 0.017(2) 0.00000 0.0023(14) 0.00000
Se3 0.013(2) 0.018(2) 0.011(2) 0.00000 0.0007(15) 0.00000
EuTbCuSes
Eu 0.033(2) 0.0179(16) 0.0179(14) 0.00000 0.0029(15) 0.00000
Tb 0.0148(19) 0.0182(16) 0.0165(15) 0.00000 0.0003(10) 0.00000
Cu 0.021(3) 0.028(3) 0.022(3) 0.00000 -0.008(3) 0.00000
Sel 0.012(2) 0.0196(19) 0.0168(18) 0.00000 0.0035(19) 0.00000
Se2 0.018(2) 0.018(3) 0.019(3) 0.00000 —-0.0010(19) 0.00000
Se3 0.012(2) 0.016(3) 0.017(3) 0.00000 —-0.0035(18) 0.00000
EuDyCuSes
Eu 0.0346(18) 0.0148(13) 0.0209(12) 0.00000 0.0005(13) 0.00000
Dy 0.0121(14) 0.0117(12) 0.0172(12) 0.00000 0.0015(9) 0.00000
Cu 0.027(2) 0.021(2) 0.021(2) 0.00000 —-0.003(3) 0.00000
Sel 0.0127(18) 0.0175(16) 0.0169(15) 0.00000 0.0016(19) 0.00000
Se2 0.018(2) 0.020(3) 0.020(3) 0.00000 0.0014(15) 0.00000
Se3 0.018(2) 0.012(3) 0.018(3) 0.00000 0.0001(17) 0.00000
EuHoCuSes
Eu 0.0379(14) 0.0118(11) 0.0187(9) 0.00000 0.000(2) 0.00000
Ho 0.0178(13) 0.0168(12) 0.0199(11) 0.00000 0.0008(9) 0.00000
Cu 0.019(2) 0.023(2) 0.025(2) 0.00000 —-0.002(4) 0.00000
Sel 0.0148(15) 0.0154(15) 0.0171(13) 0.00000 0.003(3) 0.00000
Se2 0.020(2) 0.013(4) 0.021(3) 0.00000 0.000(2) 0.00000
Se3 0.016(2) 0.015(4) 0.012(3) 0.00000 —-0.0032(19) 0.00000
EuYCuSes
Eu 0.032(2) 0.0153(16) 0.0261(15) 0.00000 —0.0015(19) 0.00000
Y 0.0144(19) 0.016(2) 0.0201(19) 0.00000 0.0000(13) 0.00000
Cu 0.027(3) 0.022(2) 0.028(3) 0.00000 —0.005(2) 0.00000
Sel 0.016(2) 0.0160(19) 0.021(2) 0.00000 —-0.003(3) 0.00000
Se2 0.022(3) 0.015(3) 0.024(4) 0.00000 —0.0026(18) 0.00000
Se3 0.022(3) 0.016(3) 0.020(4) 0.00000 -0.001(2) 0.00000
EuTmCuSes
Eu 0.0150(12) 0.0169(12) 0.0324(15) 0.00000 0.00000 0.00000
Tm 0.0131(11) 0.0161(11) 0.0160(11) 0.00000 0.00000 0.0003(6)
Cu 0.026(2) 0.017(2) 0.0193(18) 0.00000 0.00000 0.00000
Sel 0.0153(13) 0.0138(11) 0.0168(12) 0.00000 0.00000 —0.0003(7)
Se2 0.0151(16) 0.0136(14) 0.0134(14) 0.00000 0.00000 0.00000
EuYbCuSes
Yb 0.0138(9) 0.0157(9) 0.0146(8) 0.00000 0.00000 0.0001(6)
Eu 0.0151(10) 0.0157(10) 0.0285(13) 0.00000 0.00000 0.00000
Cu 0.0210(18) 0.0206(18) 0.0212(17) 0.00000 0.00000 0.00000
Sel 0.0154(10) 0.0143(11) 0.0168(10) 0.00000 0.00000 -0.0004(7)
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Table S4. Bond lengths (A) in the structures of EuLnCuSes.

EuLaCuSes!
La-Sel 3.115(4) Eu-Sell 2% 3.062(3) Cu-Sel 2.492(6)
La-Se2i 2 x3.021(3) Eu-Seli 2 x3.123(3) Cu-Se2 2.469(6)
La-Se2iv 3.193(5) Eu-Se2i 2 x 3.184(3) Cu-Se3i 2 x2.451(3)
La-Se3i 2 x 3.063(3) Eu-Se3 3.156(4)
La-Se3" 3.169(4)
EuSmCuSe; 2
Sm-Sel 2.902(3) Eu-Sel! 2 x 3.0965(17) Cu-Selw 2 x 2.5138(18)
Sm-Sel 2.896(3) Eu-Se2; 2 x 3.174(2) Cu-Se2 2.450(4)
Sm-Se2iil 2 x 2.8836(18) Eu-Se3i 2 x 3.1585(18) Cu-Se3 2.469(4)
Sm-Se3 2 x 2.9252(17) Eu-Se3i 3.33102)
EuGdCuSe; 2
Gd-Sel 2.884(3) Eu-Seli 2 x 3.089(2) Cu-Seli 2 x 2.505(2)
Gd-Seli 2.869(3) Eu-Se2 2 x3.175(2) Cu-Se2 2.463(4)
Gd-Se2i 2 x 2.873(3) Eu-Se3 2 x3.169(2) Cu-Se3 2.461(4)
Gd-Se3i 2 x 2.893(2) Eu-Se3i 3.359(3)
EuTbCuSe 2
Tb-Sel 2.857(4) Eu-Sel! 2 x 3.085(2) Cu-Selw 2 x 2,495 (2)
Tb-Seli 2.860(4) Eu-Se2; 2 x3.172(3) Cu-Se2 2.469 (6)
Tb-Se2ii 2 x 2.854(3) Eu-Se3i 2 x 3.163(3) Cu-Se3 2.462 (5)
Tb-Se3i 2 x 2.887(3) Eu-Se3i 3.384(3)
EuDyCuSe;3 2
Dy-Sel 2.862(4) Eu-Seli 2 x 3.081(2) Cu-Seli 2 x 2.500(2)
Dy-Seli 2.834(4) Eu-Se2i 2x3.171(3) Cu-Se2 2.455(6)
Dy-Se2ii 2 x 2.851(3) Eu-Se3 2 x 3.163(3) Cu-Se3 2.458(5)
Dy-Se3' 2 x 2.876(3) Eu-Se3i 3.412(4)
EuHoCuSe3 2
Ho-Sel 2.839(6) Eu-Sel! 2 x3.076(2) Cu-Selw 2 x 2.495(2)
Ho-Sel 2.831(6) Eu-Se2; 2 x 3.166(4) Cu-Se2 2.463(7)
Ho-Se2ii 2 x 2.845(5) Eu-Se3i 2 x 3.165(4) Cu-Se3 2.450(6)
Ho-Se3i 2 x 2.872(5) Eu-Se3i 3.507(5)
EuYCuSes 2
Y-Sel 2.839(6) Eu-Seli 2 x 3.078(3) Cu-Seliv 2 x 2.504(3)
Y-Selit 2.860(6) Eu-Se2i 2 x3.184(4) Cu-Se2 2.453(8)
Y-Se2ii 2 x 2.850(5) Eu-Se3 2 x3.172(4) Cu-Se3 2.465(8)
Y-Se3i 2 x 2.868(5) Eu-Se3i 3.424(5)
EuTmCuSes 3
Tm-Sel’ 4% 2.8372(9) Eu-Seli 4x3.1725(11) Cu-Sel 2 x 2.4547(19)
Tm-Se2 2 x 2.8162(7) Eu-Se2i 2 x 3.0720(16) Cu-Se2i 2 x 2.4891(17)
Eu--Sel 2 x 3.5905(13)
EuYbCuSe; ?

Yb-Sel 4 x 2.8289(9) Eu-Seli 4x3.1716(11) Cu-Sel 2 x 2.4512(19)
Yb-Se2 2 x 2.8048(7) Eu-Se2i 2 x 3.0749(17) Cu-Se2i 2 x 2.4829(18)
Eu-Sel 2 x 3.5742(13)

EuLuCuSe; 3
Lu-Sel 4 x 2.8249(11) Eu-Seli 4 x 3.1695(13) Cu-Sel 2 x 2.449(2)
Lu-Se2 2 x 2.8002(8) Eu-Se2i 2 x 3.0751(19) Cu-Se2i 2 x 2.480(2)
Eu-Sel 2 x 3.5688(15)

1 Symmetry codes: (i) —x + 1/2, -y, z + 1/2; (ii) —x, y — 1/2, -z + 1; (iii) —=x + 1/2, =y, z - 1/2; (iv) x - 1/2,
—y+1/2, z+1/2, (V) x+1/2, -y + 1/2, =z + 1/2; (vi) x + 1/2, =y + 1, z + 1/2; (vii) =, y + 1/2, =z + 1;
(vill)) x+1/2, -y +1,z-1/2.

2 Symmetry codes: (i) —x +1/2, -y, z - 1/2; (i) x + 1/2, -y + 1/2, -z + 1/2; (iii)) x+ 1, y - 1/2, =z + 1;
(iv) x+1/2, -y, z+1/2, (v) x+1/2, =y + 1,z - 1/2; (vi) —x + 1, y + 1/2, z + 1; (vii)) x + 1/2, -y + 1, z
+1/2.

3 Symmetry codes: (i) —1/2 + x, -1/2 +y, z; (i) -1/2 + x, 1/2 + y, z; (iii) 12 + x, -1/2 +y, z; (iv) -1/2 +
x, 12—y, —z; (v) —x, =y, =1/2 + z; (vi) 1/2 + x, 1/2 +y, z; (vii) -1/2 = x, 1/2 + y, 1/2 - z; (viii) 1/2 - x, 1/2
+y, 12—z (ix) =, y, 112 -z



Table S5. Bond angles (°) in the structures of EuLnCuSes.

EuLaCuSes!
Sel-La-Se2ii 120.13(9) Seli-Eu-Selv 86.95(11) Sel-Cu-Se2 103.2(2)
Sel-La-Se2iv 67.98(10) Seli-Eu-Seli 89.31(3) Sel-Cu-Se3i 107.95(15)
Sel-La-Se3ii 77.96(9) Seli-Eu-Selvi 156.39(8) Se2-Cu-Se3ti 109.05(15)
Sel-La-Se3" 148.64(13) Seli-Eu-Se2i 76.97(8) Se3i-Cu-Se3vi 118.5(2)
Se2iii] a—Se2vil 88.45(11) Sel-Eu-Se2vi 133.25(11)
Se2ii—] a-Se2iv 73.38(10) Sel'-Eu-Se3 77.35(9)
Se2iii] a—Se3ii 88.88(7) Seli-Eu-Selvi 84.85(10)
Se2ii-].a—Se3viii 160.06(12) Seli-Eu-Se2! 67.99(8)
Se2ii_La-Se3" 80.65(9) Seli-Eu-Se2vi 121.21(11)
Se2iv—La-Se3iii 124.49(8) Seli-FEu-Se3 79.08(9)
Se2iv—La-Se3¥ 143.38(11) Se2i-Eu-Se2vi 82.87(10)
Se3iii-La—Se3vil 86.92(11) Se2i-Eu-Se3 138.03(5)
Se3ii_La-Se3v 79.41(9)
EuSmCuSes 2
Sel-Sm-Seli 174.62(6) Seli-Eu-Selv 83.25(5) Seliv—Cu-Selvi  109.82(12)
Se1-Sm-Se2iil 93.19(7) Seli-Eu-Se2i 78.74(5) Seliv—Cu-Se2 111.68(11)
Sel-Sm-Se3 89.06(6) Seli-Eu-Se2v 131.74(7) Selv-Cu-Se3 110.18(11)
Selii-Sm-Seii 90.58(6) Seli-Eu-Se3i 89.83(4) Se2-Cu-Se3 103.13(12)
Seli-Sm-Se3! 87.12(6) Sel~Eu-Se3" 149.57(7)
Se2ii_Sm-Se2i 91.01(7) Seli-Eu-Se3i 77.15(6)
Se2ii-Sm-Se3! 89.77(4) Se2i-Eu-Se2v 80.79(7)
Se2ii_Sm-Se3" 177.58(8) Se2i_Eu-Se3i 74.97(5)
Se3i-Sm-Se3v 89.36(7) Se2i-Eu-Se3¥ 125.79(6)
Se2i-Eu-Se3i 139.09(4)
Se3-Eu-Se3Y 81.27(6)
Se3-Eu-Se3i 72.42(6)
EuGdCuSe; 2
Sel-Gd-Seli  175.95(8) SelEu-Sel*  83.09(6) Selv-Cu-Selvi  109.73(13)
Sel-Gd-Se2ii  91.56(8) SelEu-Se2i  79.92(6) Selv—Cu-Se2  111.49(12)
Se1-Gd-Se3t 89.60(7) Seli-Eu-Se2¥ 132.89(9) Selv—Cu-Se3 110.14(12)
Seli—Gd-Se2ii  91.28(7) SelEu-Se3  89.60(5) Se2-Cu-Se3  103.73(14)
Seli-Gd-Se3 87.54(7) Seli-Eu-Se3" 148.25(8)
Se2ii-Gd-Se2vi  90.95(11) Sel'-Eu-Se3i 76.26(6)
Se2ii-Gd-Se3i  89.45(6) Se2iEu-Se2'  80.35(8)
Se2ii-Gd-Se3v  178.77(10) Se2i-Eu-Se3! 75.24(6)
Se3-Gd-Se3  90.13(9) Se2iEu-Se3v  125.41(8)
Se2i-Eu-Se3i 139.21(4)
Se3-Eu-Se3*  80.54(7)
Se3i-Eu-Se3i 71.99(7)
EuTbCuSe 2
Sel-Tb-Selii 176.78(11) Sel~Eu-Sel¥ 82.91(7) Selv—Cu-Selvi 109.88(16)
Sel-Tb-SeDi 90.75(9) Seli-Eu-Se2i 81.00(8) Selv-Cu-Se2 111.11(16)
Sel-Tb-Se3! 90.26(9) Seli-Eu-Se2¥ 134.10(11) Seliv—-Cu-Se3 110.42(16)
Selii-Tb-Se2ii 91.50(9) Seli-Eu-Se3 88.89(7) Se2-Cu-Se3 103.78(17)
Seli-Tb-Se3i 87.46(9) Seli-Eu-Se3¥ 146.67(11)
Se2ii_Th-Se2vi 91.36(12) Sel~Eu-Se3ii 75.62(8)
Se2ii_Tb-Se3i 89.29(7) Se2i-Eu-Se2v 80.14(9)
Se2ii-Tb-Se3" 178.79(12) Se2i-Eu-Se3! 75.52(7)
Se3-Tb-Se3v 90.05(11) Se2i-Eu-Se3v 125.54(10)
Se2i-Eu-Se3i 139.15(5)
Se3i-Eu-Se3" 80.44(8)
Se3-Eu-Se3i 71.06(9)
EuDyCuSes3 2
Sel-Dy-Selii 177.17(12) Seli-Eu-Sel¥ 82.83(7) Selv—Cu-Selvii 109.23(14)
Sel-Dy-Se2iii 90.05(10) Sel'-Eu-Se2! 81.81(8) Selv—Cu-Se2 111.12(16)
Sel-Dy-Se3: 90.36(9) Seli-Eu-Se2v 135.08(11) Selv—Cu-Se3 110.36(16)
Seli-Dy-Se2ili 91.93(9) Seli-Eu-Se3i 88.35(7) Se2—-Cu-Se3 104.59(16)
Seli-Dy-Se3 87.64(9) Sel'-Eu-Se3v 145.47(11)
Se2ii-Dy-Se2vi 91.29(13) Seli-Eu-Se3t 74.83(8)
Se2ii-Dy-Se3i 89.22(7) Se2i-Eu-Se2v 80.01(9)



Se2iiDy-Se3*  179.34(12) Se2i_Eu-Se3' 75.70(7)
Se3-Dy-Se3" 90.26(12) Se2Eu-Se3  125.58(10)
Se2i-Eu-Se3i 139.15(5)
Se3i-Eu-Se3" 80.26(9)
Se3i-Eu-Se3i 70.64(9)
EuHoCuSe3 2
Sel-Ho-Sel 178.7(2) Seli—Eu-Selv 82.87(6)  Selv—Cu-Selvi 109.33(12)
Sel-Ho-Se2ii 89.02(14) Seli-Eu-Se2i 83.55(11) Selv—-Cu-Se2 110.69(19)
Sel-Ho-Se3' 90.87(12) Seli-Eu-Se2" 137.60(16)  Sel™—Cu-Se3  110.71(19)
Seli-Ho-Se2ii 91.88(13) Seli-Eu-Se3' 86.88(10)  Se2-Cu-Se3  104.64(18)
Seli-Ho-Se3' 88.21(13) SelEu-Se3"  142.84(16)
Se2ii-Ho-Se2v 91.4(2) Seli—Eu-Se3i 73.84(11)
Se2ii-Ho-Se3! 89.18(10) Se2i-Eu-Se2” 80.02(12)
Se2ii-Ho-Se3v 179.44(16) Se2i-Eu-Se3i 75.79(9)
Se3i-Ho-Se3" 90.27(19) Se2Eu-Se3  12557(13)
Se2i-Eu-Se3i 138.70(7)
Se3i-Eu-Se3" 80.07(12)
Se3i-Eu-Se3i 69.00(13)
EuYCuSe;3 2
Sel-Y-Seli 178.02) Seli-Eu-Sel* 83.01(10)  Selv—Cu-Selvi 109.1(2)
Sel-Y-Se2ii 89.90(15) Seli-Eu-Se2i 82.14(11) Sel"—Cu-Se2 111.22)
Sel-Y-Se3i 91.12(14) Seli-Eu-Se2” 135.43(15) Selv—Cu-Se3 110.1(2)
Seli—Y-Sei 91.48(15) Seli-Eu-Se3' 88.20(9) Se2-Cu-Se3 105.1(2)
Seli-Y-Se3i 87.49(14) SelEu-Se3"  145.19(14)
Se2iii-Y-Se2vi 91.4(2) Seli-Eu-Se3i 74.85(11)
Se2ii_Y_Se3i 88.94(10) Se2i-Eu-Se2v 79.69(12)
Se2ii-Y-Se3v 178.9(2) Se2i-Eu-Se3i 75.78(10)
Se3i-Y-Se3 90.69(19) Se2i—Eu-Se3" 125.34(14)
Se2i-Eu-Se3i 139.20(6)
Se3i_Eu-Se3" 80.05(11)
Se3i-Eu-Se3i 70.35(12)
EuTmCuSes 3
Seli-Tm-Seliii 91.28(4) Seli-Eu-Selv 79.50(3) Sel-Cu-Selix 105.67(11)
Seli-Tm-Seliv 88.71(4) Seli-Eu-Selvi 76.14(4) Sel-Cu-Se2i 110.49(2)
Seli-Tm-Se2 91.85(4) Seli-Eu-Selvii 125.32(5) Se2i-Cu-Se2vt 109.18(11)
Seli-Tm-Se2v 88.15(4) Seli—Eu-Se2i 85.56(3)
Seli—Eu-Se2v 140.10(3)
Se2i-Eu-Se2vi 82.65(5)
EuYbCuSe; 3
Seli-Yb-Selii 91.39(4) Seli-Eu-Selv 79.33(3) Se1-Cu-Selix 106.02(11)
Seli-Yb-Sel™ 88.61(4) Seli—Eu-Selvi 76.24(4) Sel-Cu-Se2i 110.38(2)
Sel-Yb-Se2 91.96(4) Seli-Eu-Selvii 125.25(6) Se2ii-Cu-Se2vi 109.25(12)
Seli—Yb-Se2v 88.04(4) Seli—Eu-Se2i 85.75(3)
Seli-Eu-Se2vi 140.03(3)
Se2i-Eu-Se2vi 82.36(6)
EuLuCuSe; ?
Seli—Lu-Seli 91.40(4) Seli—Eu-Selv 79.26(4) Sel-Cu-Sel 106.10(12)
Seli-Lu-Sel" 88.60(4) Seli-Eu-Seli 76.25(5) Sel-Cu-Se2i 110.37(3)
Seli-Lu-Se2 92.00(4) Seli-Eu-Selvii  125.17(7) Se2i_Cu-Se2vi  109.22(13)
Seli-Lu-Se2" 88.00(4) Seli—Eu-Se2i 85.85(3)
Seli-Eu-Se2vi 140.02(3)
Se2i_Eu-Se2vi 82.21(6)

1 Symmetry codes: (i) —x +1/2, =y, z + 1/2; (ii) —x, y — 1/2, -z + 1; (iii) x + 1/2, =y, z = 1/2; (iv) x - 1/2,
—y+1/2, z+1/2, (V) x+1/2, =y + 1/2, =z + 1/2; (vi) =x + 1/2, =y + 1, z + 1/2; (Vi) =, y + 1/2, =z + 1;
(viil)) x+1/2, -y +1,z-1/2.

2 Symmetry codes: (i) —x +1/2, -y, z - 1/2; (ii) x + 1/2, -y + 1/2, =z + 1/2; (iii) «+ 1, y - 1/2, =+ 1;
(iv)—x+1/2, =y, z+1/2; (v) x+1/2, -y +1,z-1/2; (vi) x + 1, y + 1/2, <z + 1; (vii)) =x + 1/2, -y + 1, z
+1/2.

3 Symmetry codes: (i) —1/2 +x, -1/2 +y, z; (i) -1/2 + x, 1/2 + y, z; (iii) 12 + x, -1/2 +y, z; (iv) -1/2 +
x,1/2-y,—z (v)—x, -y, -1/2 + z; (vi) 1/2 + x, 1/2 +y, z; (vii) -1/2 = x, 1/2 + y, 1/2 — z; (viii) 1/2 - x, 1/2
+y, 12 -z (ix) =, y, 1/2 - z.



Table S6. The unit cell parameters for the structures of EuLnCuSes.

Compound Space group  Structural type  a (A) b (A) c(A) V(A alc
EuLaCuSes Prnma Ba:MnSs 8.4389 4.2666 16.5676 596.52 0.5094
EuCeCuSes Prnma Ba:MnSs 8.4217 4.2574 16.4995 591.58 0.5104
EuPrCuSes Prnma Ew2CuSs 10.9503 4.1515 13.3802 608.27 0.8184
EuNdCuSes Pnma Eu2CuSs 10.8737 4.1394 13.4061 603.42 0.8111
EuSmCuSes Prnma Eu2CuSs 10.7522 4.1198 13.4212 594.52 0.8011
EuGdCuSes Pnma Eu2CuSs 10.6521 4.1012 13.4213 586.33 0.7937
EuTbCuSes Pnma EwCuSs 10.6071 4.0925 13.4172 582.43 0.7906
EuDyCuSes Prnma Ew2CuSs 10.5659 4.0855 13.4133 579.01 0.7877
EuHoCuSes Pnma Eu2CuSs 10.5309 4.0771 13.4115 575.83 0.7852
EuYCuSes Prnma Ew2CuSs 10.5250 4.07228 13.4029 574.46 0.7853
EuErCuSes Cmcem KZrCuSs 4.0726 13.4031 10.4800 572.06 0.3886
EuTmCuSes Cmcem KZrCuSs 4.0658 13.4016 10.4489 569.34 0.3891
EuYbCuSes Cmcem KZrCuSs 4.0591 13.3971 10.4170 566.49 0.3897
EuLuCuSes Cmcem KZrCuSs 4.0539 13.3879 10.3912 563.96 0.3901




Table S7. Bond valence calculation data for the Eu, Ln and Cu ions in the structures of EuLnCuSes.

Compound Eu Ln Cu
EuLaCuSes 1.993 2.742 1.200
EuSmCuSes 1.797 3.202 1.136
EuGdCuSes 1.782 3.216 1.146
EuTbCuSes 1.792 3.167 1.155
EuDyCuSes 1.788 3.070 1.161
EuHoCuSes 1.771 3.134 1.196

EuYCuSes 1.759 3.090 1.150
EuTmCuSes 1.658 3.052 1.181
EuYbCuSes 1.655 2.966 1.196

EuLuCuSes 1.661 3.000 1.204




Table S8. Elastic constants (GPa) for EuLnCuSes.

Compound Space group Structuraltype Cu  Crz  Cis Cz Cz Css Cu GCss Ce
EuLaCuSes Pnma Ba:MnSs 108 54 62 136 46 128 27 40 46
EuCeCuSes Prnma Ba2MnSs 106 55 62 137 47 128 28 41 47
EuPrCuSes Pnma Eu2CuSs 119 36 50 139 47 84 43 22 34
EuNdCuSes Pnma Eu2CuSs 117 35 48 140 48 89 44 19 35
EuSmCuSes Pnma Eu2CuSs 118 36 47 143 49 95 46 15 36
EuGdCuSes Pnma Eu2CuSs 116 36 45 145 51 98 47 11 37
EuTbCuSes Pnma EuCuSs 116 37 44 145 51 101 48 1 37
EuDyCuSes Pnma Eu2CuSs 115 36 44 146 51 102 49 8 38
EuHoCuSes Pnma Eu2CuSs 116 37 44 147 51 102 49 4 38

EuYCuSes Pnma Eu2CuSs 117 35 47 146 50 105 49 11 38
EuErCuSes Cmcem KZrCuSs 148 52 36 105 45 124 4 38 51

EuTmCuSes Cmem KZrCuSs 149 52 37 106 45 126 6 39 51
EuYbCuSes Cmcm KZrCuSs 149 52 37 106 45 127 7 39 51
EuLuCuSes Cmcem KZrCuSs 149 52 37 107 45 128 7 39 51




Table S9. Bulk (B), shear (G) and Young's modulus (GPa) of EuLnCuSes.

Compound Space group Structural type Averaging scheme B G Young's Poisson ratio
EuLaCuSes Pnma Ba:MnSs Voigt 773  36.6 94.9 0.295
Reuss 771 347 90.4 0.305
Hill 772 35.6 92.7 0.300
EuCeCuSes Pnma Ba:MnSs Voigt 778  37.1 96.1 0.294
Reuss 775  35.0 91.2 0.304
Hill 776 36.1 93.7 0.299
EuPrCuSes Pnma Eu2CuSs Voigt 675 338 86.8 0.286
Reuss 65.7 303 78.9 0.300
Hill 66.6  32.0 82.8 0.293
EuNdCuSes Prnma EuwCuSs Voigt 67.7 339 87.1 0.286
Reuss 66.4  30.0 78.2 0.304
Hill 671 319 82.7 0.295
EuSmCuSes Pnma Eu2CuSs Voigt 68.8 342 87.9 0.287
Reuss 67.7 282 74.3 0.317
Hill 682 312 81.2 0.302
EuGdCuSes Pnma Eu2CuSs Voigt 69.0 342 88.1 0.287
Reuss 679 259 69.0 0.331
Hill 685 301 78.7 0.308
EuTbCuSes Pnma Eu2CuSs Voigt 69.7 346 89.1 0.287
Reuss 685 260 69.2 0.332
Hill 69.1 303 79.3 0.309
EuDyCuSes Pnma EuwCuSs Voigt 69.7 342 88.2 0.289
Reuss 68.6 213 57.9 0.359
Hill 69.1 278 73.4 0.323
EuHoCuSes Pnma Eu2CuSs Voigt 69.8 338 87.3 0.292
Reuss 68.6 149 41.6 0.399
Hill 692 243 65.3 0.343
EuYCuSes Pnma Eu2CuSs Voigt 70.3 353 90.7 0.285
Reuss 69.6 255 68.3 0.337
Hill 700 304 79.7 0.310
EuErCuSes Cmcem KZrCuSs Voigt 714 350 90.2 0.289
Reuss 704 153 42.8 0.399
Hill 709 251 67.4 0.341
EuTmCuSes Cmcem KZrCuSs Voigt 71.8 355 91.5 0.288
Reuss 709 184 50.7 0.381
Hill 714 269 71.8 0.332
EuYbCuSes Cmcm KZrCuSs Voigt 722 359 92.3 0.287
Reuss 71.3 203 55.7 0.370
Hill 717 281 74.5 0.327
EuLuCuSes Cmcem KZrCuSs Voigt 725  36.2 93.0 0.286
Reuss 716 214 58.5 0.364
Hill 720 288 76.2 0.324




Table S10. Calculated IR wavenumbers (cm) for EuLnCuSes.

Pnma space group Cmcm space group

Ba:MnSs structural type Eu2CuSs structural type KZrCuSs structural type
EuLaCuSes EuCeCuSes | EuPrCuSes EuNdCuSes EuSmCuSes EuGdCuSes EuTbCuSes EuDyCuSes EuHoCuSes EuYCuSes | EuErCuSes EuTmCuSes EuYbCuSes EuLuCuSes
B 459 Bw 460 | Bsu 529 Bsu 523 Bau 508 Bsu 499 Bsu 494 Bau 488 Bau 489 Bsu 522 | Biw 458 Bw 463 B 463 B 465
Baw 599 Bw 606 | Bu 621 Bw 616 Bw 609 Bw 602 Bw 597 B 592 Bw 591 Biww 580 | Bauw 820 Baw 813 Baw 803 Baw 798
Bau 619 Bau 622 | Bsu 753 Bsu 755 Bau 761 Bau 762 Bau 760 Bsu 757 Bau 756 B 746 | Bww 913 Bw 907 B 897 B 890
Bsu 798 Bsu 801 | Buu 833 Bww 838 B 843 Baw 825 Baw 833 Baw 827 Bw 845 Biww 839 | Bw 939 Bw 942 B 942 B 946
Bsau 905 Bsu 904 | Bw 873 B 846 Bxw 8.5 Bw 846 Bw 848 Bw 8.0 Bw 850 Baw 906 | Baw 1004 Bz 998 B 995 Baw 993
Biw 906 B 909 | B 933 Bsu 934 Bsu 934 Bau 927 Bau 925 Bsau 919 Bau 915 Baw 987 | Bau 1005 Bsu 1005 Bsu 1008 Bsu 100.4
Bsu 926 Bau 922 | Baw 963 Baw 939 Baw 955 Baw 953 Bau 954 Bau 950 Bsu 955 Bauw 993 | Bau 1095 Bsu 1089 Ba. 108.0 Bsu 107.5
B 973 Baw 971 | Bsw 965 Bsu 964 B 998 Baw 957 Baw 976 Baw 984 B 1011 Bw 101.0| Bsu 1322 Bau 1311 Bau 1293 Bau 1269
Bww 1032 Bw 1021| Bw 994 Bw 994 Baw 1012 Bw 1002 Bw 1003 Bw 1005 Bau 1029 Bsu 101.7 | Bau 1481 Bow 149.0 Baw 1478 Bau 1476
B 1083 Bw 1089 | Bsu 1045 Bsu 1043 Bsu 1048 Bsu 1051 Bsu 1054 Bsu 1057 Bsu 1059 Bsu 1083 | B 1543 Bw 153.7 Bw 1523 B 151.6
Bsu 1156 Bsu 1153| Bw 1108 B 111.3 B 111.2 Bw 1109 Bw 1106 Bw 1101 Bw 1099 Bw 1176 | Bsu 175.0 Bsu 1753 Bsu 1758 Bau 176.2
Bw 1256 Bw  125.6| Bw 1353 B 1354 Bw 1331 Bw 1319 Bw 131.8 Bw 1302 B 1297 Baw 1437 | Bw 1813 Bw 180.6 Bw 1791 B 1785
B 133.6 B 1340 | Bau 1412 Bau 1413 Bow 147.0 Baw 1416 B 1426 B 1460 B 1437 Bw 1533 | Bau 191.6 Bau 1902 Bau 1884 Bsu 187.5
Bsu 1355 Bsu 1353 | B 1551 Bww 1555 Bsu 156.0 Bsu 1555 Bou 1520 Bsu 154.6 B 151.6 B 158.0| Bau 1964 Buw 1970 B 1971 B 197.6
Bau 1391 B 1404 | Bau 1576 Bau 1561 B 156.0 B 1563 Bau 1554 B 1562 Bsu 1541 Bsu 169.8| B 1965 Ba 1972 Ba 1987 B 199.4
Bsu 1453 Bsu 146.4| Bsu 1577 Bsu 1575 Bou 159.6 Bau 1582 B 1563 Bau 1581 Bw 1559 B 170.1| Bsu 2062 Bsu 206.0 Bsu 2058 Bsu 206.1
B 1554 B 156.0| B 1693 Baw 1694 Bw 171.6 Bw 1729 Bw 1735 Bw 1740 Bw 1743 Bw  175.0
B 159.6 B 159.9| Baw 1742 B 1700 B 1782 B 1793 B 1795 Bsu 180.0 Bsu 1794 Bw 1811
Bsu 1675 B 166.8| B 1762 B 176.8 Bsu 179.7 Bsu 1804 Bsu 180.5 Buw 180.1 Bw 1805 Bsu 1823
B 167.6 Bsu 1672 | Bsu 1772 Bsu 1785 Bsu 1805 Bsu 1814 Bau 181.8 Bsu 1820 Bsu 1823 Bau 187.2
Bsu 174.6 Bsu 1747 | Bsu 1779 Bsu 1788 Bsu 185.0 Bau 183.0 Bsu 186.8 Bau 1873 Bau 187.6 B 1929
B 1815 Bw 1817 | Bsu 184.8 Bsu 185.0 Bau 186.0 Bsu 1863 Bz 1884 B 1909 B 1923 B 1937
B 1867 B 186.5| Bsu 1919 Bsu 1927 B 1933 B 1933 Bw 1935 Bw 1928 Ba 1951 Ba  195.0
Bsu 1978 Bsu 197.8| B 1924 B 1928 Bsu 1942 Bsu 1954 Bsu 1959 Bsu 1962 Bsau 196.6 Bsu 1982
Bau 2074 B 207.0| Bw 1968 B 1979 Buw 1987 Bw 1987 Bw 1983 B 1972 B 1968 B 2117
Biw 2082 Buuw 2084 | Bsu 2006 Bsu 2005 Bsu 1999 Bsu 1993 Bsu 1989 Bsu 1981 Bsa 1978 B 2183
Bsu 2235 Bsu 2232| Bw 2113 Buw 2105 Bw 2073 Bw 2067 B 2067 B 2062 B 2063 B 2287




Table S11. Calculated Raman wavenumbers (cm) for EuLnCuSes.

Pnma space group

Cmcm space group

Ba:MnSs structural type
EuLaCuSes

Big
Ag
Ag
BSg
Big
Bog
Bog
Ag
Bog
Bsg
Ag
Bsg
Big
Bog
Ag
Bog
Bsg
Bog
Ag
Big
Bog
Ag
Ag
Bog
Big
BSg
Ag
Bog
Ag
Bog
Ag
Bog
Ag
Bsg
Big
Bog

41.2
42.8
63.9
66.9
67.2
69.1
75.7
81.0
82.0
85.0
85.8
101.0
102.5
104.7
118.0
122.9
126.1
127.7
127.8
140.1
142.6
145.5
149.0
156.5
161.1
161.1
164.2
169.5
174.6
185.2
189.2
197.8
208.7
211.7
212.0
226.1

EuCeCuSes

Big
Ag
Ag
B3g
Big
Bzg
Bog
Ag
Bog
Bsg
Ag
Bsg
Big
Bog
Ag
Bzg
Ag
Bsg
Bog
Big
Bzg
Ag
Ag
Bog
Bsg
Big
Ag
Bzg
Ag
Bog
Ag
Bog
Ag
Bsg
Big
Bog

41.9
43.1
64.4
67.7
67.9
69.2
76.0
80.8
82.7
86.0
86.4
101.1
102.6
104.7
118.4
122.6
127.1
127.2
127.5
141.5
142.5
145.8
149.4
156.4
162.3
162.3
164.1
169.8
175.0
185.6
189.8
198.3
208.8
211.7
212.0
226.3

EuPrCuSes

Ag
Ag
Big
Bog
Bsg
Big
Ag
Bsg
Bog
Bog
Ag
Bsg
Bog
Ag
Big
Bzg
Ag
Big
Bog
Bsg
Bzg
Bsg
Big
Ag
Ag
Bog
Bsg
Big
Ag
Ag
Bog
Bog
Bag
Ag
Ag
Bog

29.9
40.1
52.3
60.0
60.9
65.8
68.5
69.2
70.8
79.1
96.9
97.2
97.9
99.1
101.6
106.9
112.3
144.7
145.2
147.1
157.8
158.5
159.1
159.3
165.8
172.4
173.2
175.5
179.6
184.3
189.9
191.9
193.4
194.3
210.0
226.2

EuNdCuSes EuSmCuSes

Ag
Ag
Big
B3g
Bog
Big
Bsg
Ag
Bog
Bog
Bsg
Ag
Bog
Big
Ag
Bzg
Ag
Big
Bog
Bsg
Big
Bsg
Bag
Ag
Ag
B3g
Big
Bag
Ag
Ag
Bog
Bog
Bzg
Ag
Ag
Bog

27.6
41.2
68.7
96.4
99.9
112.2
159.0
167.0
180.4
184.3
195.0
210.4
60.4
68.2
88.4
143.3
154.3
169.8
51.7
64.0
98.4
144.8
157.3
170.9
0.0
61.6
83.8
99.4
111.3
135.4
155.5
170.0
176.8
192.8
197.9
210.5

Ag
Ag
Big
Bog
Bsg
Bsg
Bog
Big
Ag
Bog
Ag
Bog
Ag
B3g
Big
Bzg
Ag
Bzg
Big
Bsg
Ag
Bog
Bsg
Big
Ag
Bog
Ag
Ag
B3g
Big
Bog
Bog
Ag
Bog
Ag
Bog

22.9
42.8
50.6
61.1
62.0
68.3
68.4
68.9
69.1
77.6
96.4
96.8
101.2
102.1
104.2
108.2
110.4
144.0
150.8
152.3
157.6
158.7
161.1
161.6
169.1
174.6
181.7
183.3
185.0
187.0
188.2
192.3
196.1
196.5
210.2
225.7

Eu2CuSs structural type
EuGdCuSes EuTbCuSes
Ag 204 Ay 189
Ag; 445 Ay 453
Big 507 Big 512
Bs; 600 Bzxg 613
By 612 Bsys 614
Big 640 Big 659
Bsz 663 By 669
By 679 By 674
Ag 690 A 688
By 768 B 768
Ag 960 Ag 963
By 964 B2y 96.6
By 96.6 Bsz 983
Big 988 Biz 100.2
Ag 1022 Az 1028
B 1093 Ag 109.1
Az 1096 B 109.5
Bog 1429 By 1427
Big 145.6 Biz 1469
Bsg 146.8 Bss 148.8
Ag 1572 Bsg 1535
B 159.1 Big 154.1
Big 1605 Ag 1572
Bs; 160.5 Bz 159.0
Ag 1708 Az 1716
B2g 176.0 By 176.6
Bsg 1819 Az 1827
Ag 1823 Ay 1842
As 1837 By 1872
Big 1839 B 1872
By 1874 Biz 189.3
By 1924 By 1927
Ag 1971 Ay 1972
By 197.6 B 197.8
Ag 2105 Az 2104
B2g 2263 By 2264

EuDyCuSes EuHoCuSes

Ag
Ag
Big
B3g
Bog
Big
Bsg
Bog
Ag
Bog
Ag
Bog
Bsg
Big
Ag
Ag
Bog
Bog
Big
Bsg
Ag
Bog
Bsg
Big
Ag
Bag
Ag
Ag
Bag
Bsg
Big
Bog
Ag
Bag
Ag
Bag

17.4
45.8
50.6
61.3
61.3
66.3
66.6
66.9
68.6
76.9
96.4
96.4
99.0
100.4
102.7
108.5
109.4
141.3
150.3
151.9
156.5
158.9
160.2
160.5
172.0
176.9
181.9
184.4
186.4
189.6
191.9
192.7
197.1
198.2
210.2
225.6

Ag
Ag
Big
Bog
Bsg
Bog
Bsg
Ag
Big
Bog
Bog
Ag
Ag
B3g
Big
Ag
Bog
Bog
Big
Bsg
Bsg
Big
Ag
Bog
Ag
Bog
Ag
Ag
Bog
Bog
B3g
Big
Ag
Bog
Ag
Bag

18.2
46.4
50.8
61.4
62.5
67.6
67.8
68.4
69.0
77.1
96.5
96.9
102.7
103.5
104.6
108.3
109.4
140.9
148.2
151.0
152.4
154.1
156.1
158.8
172.6
177.2
181.6
184.7
186.4
192.5
194.0
195.9
197.0
198.7
210.0
225.3

EuYCuSes

159
52.8
58.6
62.6
63.4
65.6
66.2
66.8
78.1
86.0
96.0
97.3
102.4
104.20
104.23
113.6
114.2
148.0
152.0
156.5
162.1
169.3
171.5
171.6
172.0
179.6
184.7
189.0
193.7
194.9
195.8
197.7
199.1
2134
226.4
246.8

Ag
Ag
Big
B3g
Bog
Big
Bog
Ag
B3g
Bog
Bag
Bsg
Ag
Big
Ag
Ag
Bog
Big
B3g
Bog
Bzg
Bsg
Ag
Big
Ag
Bog
Ag
Bzg
B3g
Ag
Big
Ag
Bag
Bog
Ag
Bog

KZrCuSs structural type
EuErCuSes EuTmCuSes EuYbCuSes EuLuCuSes
B 622 By 634 By 641 Big 639
Big 642 Bigz 641 By 643 By 655
Ag 677 Ay 675 Ag 674 Ag 673
By 961 Bz 956 Bz 951 Bp 946
Big 101.0 Biz 1003 Bigz 100.0 Biz 99.6
Ag 1055 Ag 1051 Ag 1050 Az 1049
Bsg 146.1 Bsg 1467 Bss 1461 Bsz 145.6
Big 150.0 Big 150.5 Big 1499 Biz 1494
B2g 159.0 Bz 158.7 Bz 158.1 By 157.7
Az 1733 Az 173.6 Ag 1737 Ag 1740
Ag 1850 Ag 1850 Az 1850 Az 1851
Bog 1933 B 1935 B2 1933 Bz 1933
Big 1951 Big 1958 Az 1962 Ag 1963
Ag 1963 Ag 1962 Bz 1973 Big 198.0
Bog 1989 B 1993 B2z 1994 Bz 1997




Table S12. Calculated wavenumbers (cm) of “silent” modes (type of modes is Au) for EuLnCuSes.
Pnma space group Cmcm space group

Ba:MnSs structural type Eu2CuSs structural type KZrCuSs structural type

EuLaCuSes EuCeCuSes | EuPrCuSes EuNdCuSes EuSmCuSes EuGdCuSes EuTbCuSes EuDyCuSes EuHoCuSes EuYCuSes | EuErCuSes EuTmCuSes EuYbCuSes EuLuCuSes
39.5 40.0 60.9 60.4 61.1 60.1 60.7 60.4 60.6 65.9 60.5 60.2 59.4 59.3
85.2 86.2 69.3 68.2 70.5 66.4 68.0 68.2 69.9 73.6 144.2 145.2 144.1 144.0
97.4 97.2 91.2 88.4 95.6 91.4 92.7 93.4 97.8 92.3
125.8 126.8 143.9 143.3 148.8 142.8 144.9 147.7 146.9 148.3
154.6 155.3 155.7 154.3 158.7 157.6 150.6 157.1 149.5 167.1
207.2 206.8 174.4 169.8 185.6 182.4 187.7 190.2 194.4 194.3




Table S13. Calculated IR wavenumbers (cm-!) and mode intensities (km mol-!) for EuLnCuSes (Ln = La, Tb, Y and Tm).

Pnma space group

Cmcm space group

Mode

Ba2MnSs structural type
EuLaCuSes
Wavenumber Intensity
45.9 0
59.9 4.03
61.9 5.02
79.8 591
90.5 0.01
90.6 215.62
92.6 22.14
97.3 48.26
103.2 3.38
108.3 16.26
115.6 58.76
125.6 136.94
133.6 25.96
135.5 947.69
139.1 198.42
145.3 185.9
155.4 885.36
159.6 500.57
167.5 326.8
167.6 17.32
174.6 48.62
181.5 685.56
186.7 9.36
197.8 57.61
207.4 397.55
208.2 87.86
2235 4.92

Mode
Bsu
Biu
Bsu
Bau
Biu
Bsu
Bsu
Bau
Biu

EuTbCuSes
Wavenumber
494
59.7
76.0
83.3
84.8
92.5
95.4
97.6
100.3
105.4
110.6
131.8
142.6
152.0
155.4
156.3
173.5
179.5
180.5
181.8
186.8
188.4
193.5
195.9
198.3
198.9
206.7

Eu2CuSs structural type
EuYCuSes
Intensity Mode Wavenumber Intensity
28.75 Bsu 52.2 55
1.47 Biu 58.0 0.64
0.89 Bsu 74.6 0.88
9.68 Biu 83.9 3.48
5.08 Bau 90.6 6.29
70.56 Bou 98.7 34.25
185.92 Bsu 99.3 0.02
35 Biu 101.0 366.34
288.5 Bau 101.7 228.64
2.48 Bsu 108.3 3.88
167.51 Biu 117.6 161.75
6.15 Bau 143.7 8.64
133.03 Biu 153.3 0.00
1224.28 Biu 158.0 0.46
980.84 Bsu 169.8 985.96
0 Bou 170.1 1534.75
122.11 Biu 175.0 55.72
36.56 Biu 181.1 2.19
136.57 Bsu 182.3 15.50
12.84 Bsu 187.2 0.24
45.73 Biu 192.9 2.54
150.83 Bsu 193.7 89.40
169.57 Bau 195.0 189.98
34.1 Bsu 198.2 343.61
261.03 Bsu 211.7 120.11
25.82 Biu 218.3 484.18
23.38 Biu 228.7 89.37

KZrCuSs structural type

EuTmCuSes

Mode Wavenumber  Intensity
Biu 46.3 19.47
Bau 81.3 5.38
Biu 90.7 41
Biu 94.2 118.11
Bau 99.8 20.79
Bau 100.5 144.36
Bau 108.9 80.6
Bsu 131.1 2.11
Bau 149.0 632.71
Biu 153.7 477.11
Bau 175.3 62.24
Biu 180.6 81.56
Bsu 190.2 207.14
Biu 197.0 23.15
Bau 197.2 64.19
Bau 206.0 33.88




Table S14. Calculated Raman wavenumbers (cm™) and mode intensities (a.u.) for EuLnCuSes (Ln=La, Tb, Y and
Tm).

Pnma space group Cmcm space group
Ba:MnSs structural type Eu2CuSs structural type KZrCuSs structural type
EuLaCuSes EuTbCuSes EuTmCuSes
Mode Wavenumber Intensity Mode Wavenumber Intensity Mode Wavenumber Intensity
Big 41.2 315 Ag 18.9 627 Bog 63.4 736
Ag 42.8 147 Ag 45.3 54 Big 64.1 535
Ag 63.9 264 Big 51.2 10 Ag 67.5 853
Bsg 66.9 716 Bog 61.3 2 Bog 95.6 313
Big 67.2 6 Bsg 61.4 322 Big 100.3 211
Bog 69.1 210 Big 65.9 5 Ag 105.1 251
Bog 75.7 231 Bsg 66.9 396 Bsg 146.7 93
Ag 81.0 575 Bog 67.4 887 Big 150.5 42
Bog 82.0 2 Ag 68.8 917 Bog 158.7 9
Bsg 85.0 139 Bog 76.8 2 Ag 173.6 174
Ag 85.8 161 Ag 96.3 13 Ag 185.0 124
Bsg 101.0 41 Bog 96.6 341 Bog 193.5 169
Big 102.5 1000 Bsg 98.3 178 Big 195.8 0
Bog 104.7 48 Big 100.2 22 Ag 196.2 1000
Ag 118.0 259 Ag 102.8 186 Bog 199.3 159
Bog 122.9 19 Ag 109.1 132
Bsg 126.1 9 Bog 109.5 1
Bog 127.7 76 Bog 142.7 3
Ag 127.8 860 Big 146.9 93
Big 140.1 8 Bsg 148.8 7
Bog 142.6 5 Bsg 153.5 21
Ag 145.5 74 Big 154.1 28
Ag 149.0 320 Ag 157.2 16
Bog 156.5 0 Bog 159.0 18
Big 161.1 75 Ag 171.6 304
Bsg 161.1 653 Bog 176.6 4
Ag 164.2 922 Ag 182.7 83
Bog 169.5 68 Ag 184.2 141
Ag 174.6 826 Bsg 187.2 1
Bog 185.2 25 Bog 187.2
Ag 189.2 389 Big 189.3 0
Bog 197.8 30 Bog 192.7 234
Ag 208.7 373 Ag 197.2 1000
Bsg 211.7 115 Bog 197.8 104
Big 212.0 66 Ag 210.4 89
Bog 226.1 30 Bog 226.4 2




Table S15. Wavenumbers (cm™) and types of the phonon modes at the I'-point for EuTbCuSes and EuTmCuSes.

Pnma space group

Cmcm space group

Wavenumber Mode IR! Raman'!

18.9
45.3
49.4
50.5
59.7
60.8
61.3
62.5
67.4
67.8
68.8
69.5
70.4
76.0
76.7
84.8
85.6
92.5
95.4
96.3
96.6
97.8
100.4
102.5
103.2
104.0
105.2
105.4
109.1
109.6
110.6
131.8
142.7
146.3
150.0
150.3
151.8
153.0
154.4
155.1
155.4
156.3
156.9
157.2
159.1
171.5
173.5
176.6
179.5
180.6
181.8
182.7
184.1
186.9
187.2
192.7
193.5

Ag
Ag
Bsu
Big
Biu
Au
Bog
BSg
Bzg
Bsg
Ag
Big
Au

Bau
Bag
Big
Bau
Ag

Biu
Biu

Biu

Biu
Bzg
Biu
Bau

Ag
Ag
Bsu
Bog
Bog

Eu2CuSs structural type
EuTbCuSes

i R T i i i e e i e i e B L i i e B e R R e B R Tt i i i i i e T i

Involved ions 23
EuS, TbS, Cu, Sels, Se25, Se3
Eu, TbS, Cu, Sel, Se2, Se3s
EuS, TbS, Cu, Sel, Se2, Se3
Eu¥, TbS, Cu, Sel, Se2, Se3
Eu, Tb, Cu, Se2, Se3
EuW, TbS, CuV¥, Sel, Se2, Se3W
Eus, CuV, Sel%, Se2W
EuS, Tb, Cu¥, SelV, Se2W, Se3
Eus, Cus, Se3
Eu, TbS, Cu", Sel, Se2W, Se3W
EuS, Tb, Cu, Se2, Se3
Eus, CuV, Sel, Se2
Eus, Cus, Sel%, Se2W, Se3
Eu, Cus, Sel, Se2, Se3
Tb, Cu, Sel, Se2, Se3
Eu, Tb, Cu, SelV, Se2W, Se3
EuV, CuS, Sel, Se2S
Eu, CuS, SelV, Se3
Tb, Cus, Sel, Se2, Se3W
Eu, Tb, CuV¥, Sel, Se2
Eu, CuS, Se3
Eu%, Tb, CuS, Sel, Se2, Se3W
Eu%, CuS, Sel, Se2
Eu, CuS, Se3
Eu, Tb, CuS, Se3
Eu, TbY, CuS, Sel, Se2VW, Se3W
Eu, Tb%, Cu, Sel", Se2, Se3W
Eu, Cu, SelV, Se2
EuVW, TbW, CuS, Sel, Se2
Eu, TbY, Cu, Sel, Se2W
Eu, Tb, Cu, SelV, Se2W
Tb, Cu, Sel%, Se3W
TbW, Sels, Se2W
TbW,Sels
EuV, Tb, Cu%, Sel%W, Se2W
TbW, Sels, Se2W
TbW, Sels
Tb, Cu, Sel, Se2, Se3W
Cu¥, Sel, Se2, Se3
Tb"W, Cu, Sel, Se2, Se3W
TbW, Se2’
TbW, Se2’
CuV¥, Sel, Se2, Se3
TbW, Se2’
TbW, Se2s
Sel, Se2, Se3
Sel, Se2VW, Se3
TbW, SelW, Se2VW, Se3
Cu, Sel, Se2%, Se3
Tb"W, Cu, Sel¥, Se2, Se3
Cu¥, Sel, Se2, Se3
Cu, Se3°
TbW, Cu¥, SelV, Se2W, Se3
Cu, Se3°
Cu, Se2, Se3s
Cu, Sel%, Se2VW, Se3
Cu, Se3°

Wavenumber Mode IR'!

46.3
60.1
64.0
64.1
67.5
81.3
90.6
94.2
95.6
99.8
100.3
100.6
105.1
108.8
131.2
143.9
145.6
147.7
149.5
153.7
158.7
173.6
175.3
180.6
185.0
190.2
193.5
195.8
196.2
197.0
197.1
199.3
206.0

KZrCuSs structural type
EuTmCuSes

Biu
Au
Bazg
Big

A

Raman !

Involved ions 24
EuS, TmS, Cu, Sels, Se2
TmS, Sels
EuS, Cu, Sel
Eus, CuS, Sel, Se28
Eus, Cus, Sel, Se2s
EuS, TmS, CuS, Sel, Se2
Eu, TmS, CuS, Sels, Se2
Eu, Tm, Cu5,Sel, Se2W
Eu, CuS, Sels
Eus, Cus, Se2
Eus, CuS, SelV, Se2s
EuS, TmY, CuS, Sel, Se2
EusS, Cus, Sel, Se2
EuS, Tm, Cu, Sel
TmS, Cu, SelW, Se2W
Tm, Sels
Sels
EuV, Tm, Sels
Euv, Sels
Tm, Cu, Sel, Se2
Eu%, Cu, Sels, Se2
EuVv, Sels, Se2
Sel, Se2s
Tm, CuV¥, Sel, Se2s
Cus, SelV, Se2s
Tm, Cu, Sels
Cu, Sel, Se2s
Cus, Se2s
Cu, Sels, Se2W
TmW, CuS, Sel, Se2
Cus, Se2s
Cus, Sel, Se2W
TmW, CuS, Sel, Se2



194.3 Bsg I A Cu, SelV, Se3
194.7 Au I I TbW, Cu, SelVW, Se2
195.3 B A I CuV%, Se2V, Se3s
195.9 Bsu A I TbW, Cu¥, Sel, Se3
196.1 Big I A Eu%, CuV, Sel, Se2W, Se3
197.1 Ag I A Cu, Sel, Se2, Se3W
197.8 Bog I A Cu, Sel, Se2, Se3W
198.3 B A I TbW, Cu, Se2, Se3W
198.9 Bsu A I Cu, SelV, Se2
206.7 Biu A I TbW, Cu, Sel, Se2W, Se3W
210.4 Ag I A TbW, Cu, SelV, Se2, Se3W
226.3 Bog I A TbW, Cu, Sel¥, Se2, Se3W

1 A = active mode, I = inactive mode.

2 Superscripts “S” and “W” denote strong and weak ion displacements in the mode, respectively. If the displacement
is 0.02-0.03 A, it is denoted as “S”; if the displacement is 0.005-0.01 A, it is denoted as “W”; if the displacement is
<0.005 A, the ion is omitted from consideration.

3 The maximum displacement of 0.03 A is for the Eu ion in the mode at 18.9 cm-.

4 The maximum displacement of 0.04 A is for the Eu and Cu ions in the modes at 64.0 and 95.6 cm-!, respectively.
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Figure S1. SEM images of EuLnCuSes.
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Figure S2. Observed (blue), calculated (red) and difference (green) X-ray powder diffraction

patterns for EuLnCuSes after crystal structure refinement.
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Figure S3. The band gap values of EuLnCuSes. Black = band gap from the PBEO simulation (this
work, Table 2); red = band gap from the B3LYP simulation (this work, Table 2); blue =

experimental direct band gap (this work, Table 2); green = band gap from uncorrected Kubelka-

Munk function; magenta = PBE simulation (this work, Table 2); cyan = experimental indirect band

gap (this work, Table 2); orange = non-hybrid PBE simulation [32].
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Figure S4. The Kubelka-Munk spectra of EuLnCuSes, and EuLaCuSs, EuTbCuSs and EuYbCuSs.
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Figure S5. Field-dependent magnetic moments at 296 K (left), and temperature-dependent

Temperature (K) Temperature (K)

specific magnetization (middle) and reciprocal magnetic susceptibility (right) of (from top to
bottom) EuYCuSes, EuTbCuSes, EuDyCuSes, EuYbCuSes and EuLuCuSes, respectively, at 10 Oe.
The measurements of low-temperature magnetization were performed in the zero-field cooled
(ZFC) and nonzero-field cooled (FC) modes. Fit line shows approximation by the Néel model of
a ferrimagnet [80].



