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SL.Fig. 1. Thermal diffusivity and specific heat (Cp) measurements for TMSg (a) and
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SL.Fig. 2. XRD diffraction patterns of the multi-phase (Co,Fe,Ni)S, (Co,Fe,Mn,Ni)4Ss,
(Co,Fe,Ni,Sn)¢Ss, (Co,Fe,Ni,Zn)oSs, (Co,Fe,Ni)o(S,Se, Te)s, and single-phase (Co,Fe,Ni)oSs

pentlandite powder samples.



Co Fe Ni S
avg 22,6 19,4 173 408
(@) 143 222 158 477
O 140 222 128 51.1
O 179 19.9 146 47.6

SI.Fig. 3. SEM micrographs together with the corresponding EDS mappings and point/area

analysis. All data was collected from the fractured, as-synthesized (Co,Fe,Ni)S ingot.



Co Fe Ni Sn S Co Fe Ni n S

avg 21.3 13.4 162 11.4 378 avg 145 138 16.0 127 430
O 26 1.6 18 541 399 O 63 7.6 1.3 36.1 487
O 231 141 183 0.1 444 Q© 179 123 234 00 464

O 246 143 193 09 410 O 192 110 229 00 469 SLFig

. 4. SEM micrographs together with the corresponding EDS mappings and point/area analysis.
All data was collected from the fractured, as-synthesized (Co,Fe,Ni,Sn)ySg (a), and

(Co,Fe,N1,Zn)ySg ingots.



Ni

Mn Co i se Te

avg 168 17.9 17.1 240 235 avg 180 163 16.4 12.4 19.4 17.6
O 1.6 191 0.1 447 346 Q 187 33 268 1.1 25 4/.6
O 219 149 187 0.1 444 Q© 219 150 11.1 21.3 27.9 2.9
O 210 149 183 05 453 Q 153 7.1 225 40 10.4 40.7

O 169 192 235 83 120 20.1




SI.Fig. 5. SEM micrographs together with the corresponding EDS mappings and point/area
analysis. All data was collected from the fractured, as-synthesized (Co,Fe,Mn,Ni)ySg (a), and

(Co,Fe,Ni)o(S,Se,Te)g ingots.

SI. Table 1 Structural data of the TM,Ss pentlandites,

Wyckoff TM,Sg powder TM,Sg pellet
position Occupancy B iso Occupancy B iso
4a Co-0.42,Fe—0.28,Ni | Co-0.50,Fe-0.50, Co —0.42, Fe — 0.26, Co —0.50, Fe — 0.50,
-0.36 Ni—0.50 Ni-0.32 Ni-0.50
32f Co—-0.42,Fe—028,Ni | Co-0.50,Fe—0.5, Co—-0.42, Fe - 0.20, Co—-0.50, Fe - 0.5,
-0.36 Ni—-0.5 Ni-0.32 Ni—-0.50
8¢ S-1.0 S—-1.15 S-1.0 S-1.15
24e S—-1.0 S—0.50 S—1.0 S—-0.50
SI. Table 2 Structural data of the TMyChg pentlandites.
Wyckoff TMyChg powder TMyChg pellet
position Occupancy B iso Occupancy Biso
4a Co—0.30, Fe — 0.34, Co—-1.21,Fe—1.27, Co—0.30, Fe — 0.34, Co—-1.21,Fe—1.27,
Ni—-0.36 Ni-1.27 Ni-0.36 Ni-1.27
32f Co—0.30, Fe — 0.34, Co-1.21,Fe—1.27, Co-0.30, Fe — 0.34, Co-1.21,Fe—1.27,
Ni—-0.36 Ni—-1.27 Ni—-0.36 Ni-1.27
8c S —0.50, Se - 0.50 S —0.78, Se — 0.40 S —0.44, Se — 0.56 S —-0.78, Se — 0.50
24e S —-0.50, Se - 0.50 S-0.78, Se - 0.40 S —0.60, Se — 0.40 S—0.78, Se — 0.45




