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Fig. S1 (a) Annular dark-field scanning transmission electron microscopy image and (b) crystal
structure representation of Cu;VSnSg along the a-axis. The atomic columns shown in (a) are well
aligned and the position and relative intensity of spots are consistent with those expected from the
Cu7VSnSg structure. More specifically, (c) the intensities of the Sn-rich columns exhibit higher
intensity than Cu columns for line profiles of 1-3 in (a). The labels of the atomic columns (Cu+Sn,
2Cu) represents the number of atoms periodically contained in the columns. It should be noted that
the V atom is not visible in the profile, which is supposed to be due to the small atomic number of V

and isolated arrangement of V along the a axis.
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Fig. S2 Crystal structures of Cu7VSnSg and CugFe;SnSs (mawsonite).

Table S1 Crystallographic information of Cu7VSnSsg at temperatures between 300 Kand 673 K obtained

from synchrotron powder X-ray diffraction.

Temp 300 K 373K 423K 473K 523K 573K 623 K 673K
RI 0.03400 0.03840 0.03998 0.04510 0.04840 0.05103 0.05656 0.06158
Rwp 0.04145 0.04082 0.03994 0.04105 0.04212 0.04274 0.04482 0.04796
a/h 7.59837(5) 7.60606(5) 7.61090 (5) 7.61587(6) 7.62162(6) 7.62782(6) 7.63361(7) 7.63913(7)
c/A 5.38515(5) 5.39224(5) 5.39682(5) 5.40153(5) 5.40708(6) 5.41305(6) 5.41877(6) 5.42446(6)
Sn B/A? 0.96(4) 1.21(4) 1.36(4) 1.52(5) 1.66(5) 1.84(5) 2.04(6) 2.16(6)
culB 1.21(5) 1.58(5) 1.81(6) 2.06(6) 2.32(7) 2.55(7) 2.82(8) 3.11(9)
cu2z -0.0035(19) -0.0019(23) -0.0008(24) -0.0001(27) 0.0009(27) 0.0025(28) 0.0029(3) 0.0033(3)
Cu2 B/A? 2.16(4) 2.85(5) 3.30(5) 3.80(6) 4.36(6) 4.98(7) 5.63(7) 6.18(9)
Cu3x 0.2466(3) 0.2464(3) 0.2463(3) 0.2463(3) 0.2461(3) 0.2456(3) 0.2454(3) 0.2452(4)
Cu3 B/A? 1.28(3) 1.61(3) 1.85(3) 2.10(4) 2.39(4) 2.76(4) 3.04(5) 3.34(5)

v B/A? 0.75(5) 0.97(6) 1.04(6) 1.20(7) 1.37(7) 1.50(8) 1.63(9) 1.83(10)
S1x 0.2562(4) 0.2558(5) 0.2558(4) 0.2560(4) 0.2559(5) 0.2556(6) 0.2554(5) 0.2555(5)
S1z 0.2382(6) 0.2370(6) 0.2367(6) 0.2364(6) 0.2368(6) 0.2371(7) 0.2371(7) 0.2374(8)
s18/A? 0.64(9) 0.69(8) 0.84(9) 1.06(10) 1.15(11) 1.45(13) 1.48(13) 1.63(14)
S2x 0.2564(5) 0.2563(5) 0.2568(5) 0.2570(4) 0.2573(5) 0.2569(5) 0.2573(5) 0.2574(5)
S22z 0.2463(7) 0.2442(7) 0.2438(7) 0.2429(7) 0.2430(7) 0.2434(7) 0.2429(7) 0.2423(8)
52 B/A? 1.40(11) 1.73(11) 1.86(12) 1.96(13) 2.26(14) 2.37(16) 2.65(17) 2.86(18)
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Fig. S3 Isotropic thermal parameter of atoms for Cu;VSnSg. The values are summarized in Table S1.
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Fig. S4 Backscattered electron images for the polished surfaces and secondary electron images for

the fractured surfaces of the hot-pressed samples of Cu;V1-,Ti,SnSg (y = 0—0.75).
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Table S2 Hot-press temperature and chemical composition of Cu;V1-,Ti,SnSg (y = 0-0.75). The
compositions were obtained by averaging the energy dispersive X-ray spectroscopy data for
20 randomly selected spots. Here, the total composition of Cu, Ti, V, and Sn are assumed to

be 9.

y HP Temp. Cu Ti Y Sn S
0 1023 7.00(11) - 0.97(6) 1.03(5) 7.3(3)
0 873 6.94(4) - 1.00(3) 1.05(2) 7.54(9)
0.25 873 6.98(4) 0.23(2) 0.75(3) 1.05(2) 7.43(9)
0.5 873 6.98(4) 0.48(3) 0.50(3) 1.05(2) 7.41(9)
0.75 873 6.95(4) 0.73(2) 0.25(2) 1.07(3) 7.42(7)
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Fig. S5 Thermogravimetry/differential thermal analysis data for the powdered samples of

Cu7V1,,Ti,SnSs (y = 0, 0.5).
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Fig. S6 Synchrotron powder X-ray diffraction patterns for the sample of Cu;V1-,Ti,SnSs (y = 0.5) at
300 K before and after heating up to 673 K.
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Fig. S7 N-type semiconducting behavior for the samples of Cu;VSnSg hot-pressed at 1023 K.
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Fig. S8 Reproducibility of the data curve for the samples of Cu;V1-,Ti,SnSs (y = 0.5) hot-pressed at
873 K.
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