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Synthesis of pentlandite

Pentlandite (Fe,Ni)9Ss was prepared through the traditional dry silica-tube route
using purity elemental Fe, Ni, and S as starting materials. Accurately weighed
stoichiometric amounts of Fe, Ni and S (FessNissSg) were sealed under vacuum in
10mm diameter silica tubes. The charge was heated slowly (1°C/min) to 500°C, with
subsequent heating to 700°C, soaking for 3h at each stage. This slow heating and
soaking program were employed to avoid tube breakage resulted from the high
sulfur vapor pressure above 450°C. Following that, the charge was heated to 1150°C
and soaking for 12h, and then allowed to cool to room temperature slowly. The
charge was removed from the tube and ground into fine powder with acetone,
ensuring the homogeneity of the pentlandite. The charge was then resealed in silica
tube and heated at 1150°C for 10h, and then cooled to room temperature slowly.
Finally, homogenous pure pentlandite with a thin pyrrhotite coating on the products

was obtained.
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Fig S1. SEM images taken after 10 min oxidation for dense pentlandite. (b) 30min.
(¢)2h.(d)24 h.

Fig. S2 Atomic model of hematite, assigned the locations of (110), (300) and (3 3 0)

planes.
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Fig. S3 SEM images of (a) pentlandite piece compressed from powder before
oxidation, (b) sample like (a) oxidized 10 min, (c) dense pentlandite piece sliced and
polished before oxidation, (d) sample like (c) oxidized 10 min, (e) broken surface of
dense pentlandite piece (without slicing or polishing), (f) sample like (e) oxidized 10
min, (g) sample like (c) oxidized 24 h, (h) sample like (e) oxidized 24 h.

Fig. S3 shows the comparison of different pentlandite substrates. There were not
uniform o-Fe; O3 nanostructures on the pentlandite piece which was compressed
from powder for 10 min oxidation. (Fig. S3 a b) Some have grown very long, some
just a little. On the surfaces of dense pentlandite, both sliced piece and broken piece,
there were uniform o-Fe,O3; nanostructures after 10 min oxidation, but those on
broken piece were more scattered. (Fig. S3 d f) A few oxidized particles could be
found on the surface of sliced and polished sample. (Fig. S3 c) However, the surface
of broken sample was very smooth except fracture line. (Fig. S3 e) Although they
have been exposed in air for the same time. After 24 h oxidization, dense and
uniform a-Fe,O3; nanowire arrays grew from surface of sliced and polished sample.
But of broken sample, nanostructures were dense and long on some areas, scattered
and short on other areas. The results implied that the nucleation and growth of
a-Fe> O3 nanowires could be effected by both the surface texture (grain orientation)

of dense pentlandite and surface treatment process.
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Table S1. EDX composition analysis data.

Sample SEM Image No. Atom % M/S  Fe/Ni M/O
(0] S Fe Ni (sulfide)

Pn m 1 - 4872 2598 2530 1.05 1.03 -

1 5592 025 4383 - - - 0.78

2 - 4866 19.69 31.64 1.05 0.62 -

3 - 4835 16.06 3559 1.07 045 -

4 - 5271 2751 1978 090  1.39 -

5 - 4941 2280 2779 1.02  0.82 -

1 5259 - 4681 0.60 - - 0.90

2 - 4851 17.88 3361 1.06 053 -

3 - 4949 2243 28.07 1.02 080 -

30 min A5 5 1 5251 - 4749 - - - 0.90

z =il 2 4156 12.81 37.57 807 - - -

3 - 4867 20.05 3127 1.05 064 -

4 - 4895 2173 2932 1.04 074 -

5 - 4895 2279 2826 1.04 081 -

2 hours 1 498 - 5011 - - - 1.00

2 - 5313 2692 1996 088  1.35 -

3 - 4912 23.69 27.19 1.04  0.87 -

4 2104 781 62.01 9.14 - - -

1 6122 029 3848 - - - 0.63

2 5319 - 4681 - - - 0.88

35328 - 4672 - - - 0.88

4 4860 0.50 50.15 075 - - -

5 - 4878 20.41 3081 1.05 0.66 -

6 - 4867 1826 33.07 1.05 055 -

24hours 1 5400 - 4600 - - - 0.85

2 4434 - 5566 - - - 1.26

3 5116 - 4806 0.78 - - 0.95

4 4968 - 4521 510 - - 1.01

5 5073 - 4613 3.14 - - 0.97

1 4979 - 4754 267 - - 1.01

2 5157 - 4247 596 - - 0.94

3 - 4972 1.07 4921 1.01  0.02 -

1 5919 - 4081 - - - 0.69

25770 - 4230 - - - 0.73

34986 - 4972 042 - - 1.01

4 5168 - 4547 286 - - 0.94

5 4793 - 4699 508 - - 1.09

6 4190 - 5139 671 - - 1.39
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