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S-Figure 1, PXRD measurement of the residual product of FeS, marcasite after the TG-
DTA measurement under argon atmosphere.
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S-Figure 2, X-ray photoelectron spectra show marcasite has higher energy state than
pyrite. Comparison of the Fe 2p (a) and S 2p (b) spectra of marcasite and pyrite,
respectively.

24 h
480

320

Time (min)

160

10 15 20 25 30

S-Figure 3, Isothermal annealing experiments of lab-prepared marcasite at 450 °C. The
Ts1 line indicates the starting formation time of FeS; pyrite.
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S-Figure 4, Isothermal annealing experiments of lab-prepared marcasite at 550 °C,
600 °C, and 650 °C, respectively.
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S-Figure 5, PXRD measurements of FeS; marcasite after the isothermal annealing
experiments at 700°C after 3 and 480 min, respectively. At 700 °C, we observed the co-
existence of FeS; pyrite and the FeSx (NiAs-type).



Table 1: I point phonon frequencies (in THz) in marcasite, at the two transitions states
and in pyrite. The full details including the eigenvectors can be found in the phonopy
YAML files in the SI.

Mode | Marcasite TS 1 TS 2 Pyrite
1 000 -555 -6.32 0.00
2 0.00 -0.01 -0.01 0.00
3 0.00 -0.01 -0.00 0.00
4 6.27 -0.00 -0.00 6.88
5 627 346  3.81 6.90
6 648 468 410 6.90
7 731 547 544 6.90
8 731 589 581 7.75
9 804 645 640 7.75

10 954 738 7.03 9.54
11 994 769 748 9.54
12 994 839 8.18 9.54
13 996 844 846 1054
14 1022 884 876 10.75
15 1022 9.06 9.13 10.75
16 1027 938 9.18 10.98
17 1036 953 935 10.98
18 1036 975 9.98 10.98
19 1071 993 1000 11.26
20 10.71 1021 10.04 11.26
21 1149 1027 1020 11.26
22 1166 1064 1050 11.58
23 1166 10.77 1065 11.78
24 11.92 10.77 1084 11.78
25 1192 11.02 1093 11.78
26 1213 1145 11.01 1203
27 1222 1163 1138 12.03
28 1224 1177 1161 1232
29 1228 1206 1193 1232
30 1254 1213 11.96 12.32
31 1254 1259 1215 1272
32 1283 1297 1224 1272
33 13.05 1323 1304 1272
34 1326 1342 1310 13.61
35 1326 1374 1356 13.61
36 1493 1458 1417 13.61




