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ICP-AES CHARACTERIZATION

Table S1. ICP-AES measurements of different batches of catalysts synthesized using identical procedure as coded.

Wt. loading (%) * Atomic ratio
Fe Na S Na/Fe S/Fe Na/S

blank CNT 0.0 0.09 <0.01

blank CNT <0.01 0.04 <dl

blank CNT 0.1 0.06 <dl

iFe 2.7 <dl <dl

iFe 2.7 0.05 <dl

cFe 2.7 0.04 <dl

cFe 3.1 0.07 <dl
iFeP0.5 2.9 0.13 0.04 0.11 0.02 4
iFeP0.5 2.7 0.13 0.05 0.12 0.03 4
cFeP0.5-iwi 2.5 0.16 0.04 0.15 0.03 6
cFeP0.5-iwi 2.7 0.18 0.05 0.16 0.03 5
cFeP0.5 2.9 0.14 0.06 0.12 0.05 3
cFeP0.5 2.9 0.11 0.08 0.10 0.04 2
cFeP0.5 2.9 0.06 0.05 0.05 0.03 2
cFeP0.5 28 0.05 0.05 0.04 0.03 1




XPS CHARACTERIZATION
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Figure S1. XPS spectra (a) S2p region, (b) Nals region and (c) Fe2p region (cFe: black, cFeP0.25: red, cFeP0.5:

green, cFeP1.0: blue).
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Figure S2. XPS spectra Cls region of (a) cFeP0.25, (b) cFeP0.5 and (c) cFeP1.0.

Intensity of CH (C sp3) decreases from cFeP0.25> cFeP0.5 > cFeP1.0
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Figure S3. XPS spectra Ols region of (a) cFeP0.25, (b) cFeP0.5 and (c) cFeP1.0

O, is specific for Fe-oxide; O, is specific for Fe-hydroxide; O; may be due to organics present in the sample; Oy is

due to H,O adsorbed.



TEM CHARACTERIZATION

200 nm

Figure S4. TEM image showing aggregation of Fe NC after prolonged Na,S mixing.

Figure S5. TEM micrographs of iron oxide NCs after ligand exchange with Na,S and successive reaction with CNT
supports. The NCs form aggregates rather than assembling on the CNTs surface.



Figure S6. Qualitative STEM-EDX elemental mapping of cFeP0.5 model catalyst (Fe NC size of 7 nm and iron
loading of 3 wt%) treated with Na,S.



CATALYTIC PERFORMANCE AT DIFFERENT PRESSURES AND PROMOTION

LEVELS
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Figure S7. Effect of (a) pressure and (b) promotion level on

on C,-C, olefins selectivity.
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Figure S8. Effect of (a) pressure on product selectivity (catalyst cFeP0.5) and (b) promotion level on product

selectivities (at 10 bar).
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Figure S9. (a) Derivation of C; content from ASF prediction which determines o values and (b) effect of promotion
level and pressure on a values.

CO Conversion (%)
= N w S (Op)
o o o o o

o

Figure S10.

3 bar : 5 bar : 10 bar :5 bar
. I I .ﬁ
: g :
I I o I
T : & L
i i i © %o cFeP1.0
| |

1 M Jseng CFEPO.5
-M‘D f’°°°°cFe

O 20 40 60 80 100 120 140 160
Time (h)

Catalytic activity over time (340 °C, 3 - 10 bar, Hy/CO/He = 60/30/10, GHSV =3 600 h™").



Table S2. Catalytic Performance of CNT-Supported Fe Catalysts under FTO Conditions (340 °C, 3 bar, H,/CO/He

=60/30/10, GHSV =3 600 h™', TOS = 40 h at 3 bar).

FTY (10* Product Selectivity (% C,, hydrocarbons only)
CO conv. moleo/es " CO, sel. CC CC
(%) i (%) CH,4 P 2 Cs:
s) olefins para.
cFe 1 0.1 - - - - - -
cFeP0.1 3 0.6 0.29 35 34 38 21 7
cFeP0.25 5 1.1 0.29 40 30 42 18 9
cFeP0.5 6 1.3 0.48 45 18 57 10 15
cFeP1.0 9 1.8 0.58 51 11 61 4 23

Table S3. Catalytic Performance of CNT-Supported Fe Catalysts under FTO Conditions (340 °C, 5 bar, H/CO/He

=60/30/10, GHSV =3 600 h™', TOS = 40 h at 5 bar).

FTY (10™ Product Selectivity (% C,, hydrocarbons only)
CO conv. CO, sel.
%) molco/gre. o %) CH, C—Cy C—C4 Cs.
s) olefins para.

cFe 2 0.3 0.26 - 47 37 12 4
cFeP0.1 6 1.2 0.33 32 34 38 21 7
cFeP0.25 9 2.0 0.41 37 30 42 18 9
cFeP0.5 12 2.3 0.49 43 18 57 10 15
cFeP1.0 12 2.4 0.60 46 11 61 4 23

Table S4. Catalytic Performance of CNT-Supported Fe Catalysts under FTO Conditions (340 °C, 10 bar, H/CO/He
= 60/30/10, GHSV =3 600 h—1, TOS =40 h at 10 bar).

FTY (10™ Product Selectivity (% C,, hydrocarbons only)
CO conv. CO; sel.
(%) mOlco/gFe. o (%) CH4 Cz— C4 Cz—C4 C5+
s) olefins para.

cFe 8 1.7 0.35 24 46 25 25 5
cFeP0.1 26 5.2 0.46 36 35 30 28 8
cFeP0.25 34 7.8 0.50 38 32 30 28 9
cFeP0.5 44 8.7 0.53 44 19 44 17 19
cFeP1.0 17 3.5 0.64 44 11 56 5 28




IN-SITU MOSSBAUER SPECTROSCOPY

Table S5. The Mossbauer fitted parameters of UFe and 0.6PFe samples, obtained at 4.2 K.

Sample/ | IS [N Hyperfine r Phase Spectral
Treatment (mm~s"1) (mm-s'l) field (T) (mm-s'l) contribution
(%)
cFe 0.24 - 212" 1.25 Fe,C 24
Ar/H,=2 0.39 0.15 52.8 0.89 Fe** 4
340 °C, 1.17 -0.10 36.9 1.69 Fe** 36
3bar,2h 1.49 -1.84 38.4 1.69 Fe** 36
cFe 0.24 - 27.4 0.79 x-FesCs (I) 11
H,/CO=2 0.20 - 22.4 0.79 x-FesC, (II) 10
340 °C, 0.22 - 12.6 0.79 y-FesC, (III) 6
3 bar, 40 h 0.39 -0.03 51.5 0.89 Fe** 10
+ 1.02 -0.05 36.6 1.04 Fe** 29
5 bar, 40 h 1.45 -1.32 39.9 1.26 Fe** 30
0.96 2.14 - 0.38 Fe?* 4
cFe 0.24 - 24.7 0.67 x-FesC, (I) 15
H,/CO=2 0.20 - 20.3 0.67 x-FesC, (1) 10
340 °C, 0.22 - 13.0 0.67 x-FesC, (I11) 5
10 bar, 40 h 0.45 -0.21 52.5 0.75 Fe** 5
1.13 -0.27 36.4 0.81 Fe?* 37
1.49 -1.37 39.9 0.81 Fe?* 24
1.09 2.04 - 0.32 Fe?** 4
cFeP0.5 0.00 - 34.6 0.41 Fe’ 34
Ar/H,=2 0.32 0.20 45.4 1.80 Fe** 18
340 °C, 1.25 0.19 34.4 1.15 Fe** 25
3bar,2h 1.23 -0.85 38.3 1.15 Fe?* 18
1.02 2.20 - 0.62 Fe* 5
cFeP0.5 0.27 - 18.3 0.49 €’-Fe, ,C 46
H,/CO=2 0.29 - 25.6 0.32 x-FesC, (1) 8
340 °C, 0.17 - 20.7 0.32 x-FesC, (1) 7
3 bar, 40 h 0.19 - 10.2 0.32 x-FesC, (I11) 6
+ 1.17 0.49 35.5 0.84 Fe*' 14
5 bar, 40 h 1.16 -0.93 37.1 0.84 Fe** 19
cFeP0.5 0.26 - 18.2 0.45 €-Fe, ,C 57
H,/CO=2 0.27 - 25.8 0.38 x-FesC, (I) 12
340 °C, 0.14 - 20.7 0.38 x-FesC, (II) 11
10 bar, 40 h 0.18 - 10.2 0.38 y-FesC, (III) 9
1.17 -0.35 34.0 0.85 Fe?* 11

Experimental uncertainties: Isomer shift: I.S. + 0.02 mm s™'; Quadrupole splitting: Q.S. + 0.02 mm s'; Line width: T

+0.03 mm s'; Hyperfine field: + 0.1 T; Spectral contribution: + 3%. ‘Mean magnetic hyperfine field.



8.0
78] A AvH=2,
? = 340°C,2h
E £
2 609/ g 87
< <
nno ]
v
= 6.02- =
> h
o= B.H/CO=2 z, B.H/CO=2
2 595 34 °C, 3 bar, 40 h ‘7 340 °C, 3 bar, 40 h
2 +340°C, 5 bar, 40 h g4l tMOCSbardon
= ] X
=~ 104 =
10.0
10.2
C.H/CO=2 9.8/ C.H/CO=2
10.0 340 °C, 10 bar, 40 h 340 °C, 10 bar, 40 h
-10 5 0 5 10 -10 5 0 5 10
. -1 . -1
Doppler velocity (mm s™) Doppler velocity (mm s™)

Figure S11. In situ Mossbauer spectra of (a) cFe after reduction, (b) cFe at 340 °C and 5 bar, (c) cFe at 340 °C and
10 bar, (d) cFeP0.5 after reduction, (¢) cFeP0.5 at 340 °C and 5 bar, and (f) cFeP0.5 at 340 °C and 10 bar.

CATALYTIC PERFORMANCE AT 340 °C, 10 BAR, H,/CO/He = 60/30/10, GHSV =3 600
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Figure S12. Catalytic activity as a function of average iron particle size of spent promoted catalysts (black symbols
were reproduced from earlier research®’, and blue symbols were results from current study).
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