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Figure S1. N2 adsorption—desorption isotherms (A), and pore size distribution (B) for MMO.
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Table S1. Surface area and average pore size for support and oxidic catalysts

BET surface area  Average pore size Pore volume
Samples
(m?/g) (nm) (cm®/g)
MMO 159.3 21.57 0.872
K,Ni-Mo:Wo/MMO 109.9 571 0.184
K,Ni-M0o.sWo./MMO 106.8 6.41 0.187
K,Ni-M0o.75W0.25/MMO 1215 6.02 0.183

K,Ni-M0o.sWo.s/MMO 127.8 5.50 0.207
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Table S2 Nominal composition and ICP-MS results of oxidic catalysts

K Ni Mo wW Mo/(Mo+W)  Loading?
Catalysts
(Wt. %) (Wt. %) (wt.%) (wt.%) molarratio  (atm/nm?)
K,Ni-Mo1Wo/MMO 8.37 2.09 6.43 0.04 1.00 2.53
K,Ni-M00.9Wo.1/MMO 8.87 2.00 5.19 0.89 0.92 2.23
ICP-MS
K,Ni-M00.75sW025/MMO  8.86 2.13 4.31 2.66 0.76 2.25
K,Ni-Moo.sWos/MMO 9.37 1.93 2.72 4.8 0.52 2.06
K,Ni-Mo;Wo/MMO 8.13 2.03 6.65 0.00 1.00 2.62
Nominal  K,Ni-MogsWo.1/MMO 8.09 2.02 5.95 1.26 0.9 2.60
composition  K,Ni-Moo.7sWo.2s/MMO 8.02 2.01 491 3.14 0.75 2.58
K,Ni-Moo.sWos/MMO 7.90 1.97 3.23 6.19 0.5 2.54

2 The loading (at m/nm?) was calculate by the following equation.

the numbers of atom of W and Mo of catalyst

Loading =
oacing the surface area of supporting
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FigureS2 UV-vis DRS spectra in which the spectrum of MMO has been subtracted of Mo1xWx/MMO.
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Figure S3 HAADF-STEM images and element mappings of K,Ni-Mog.75Wo.25S2/MMO.
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Figure S4 FESEM images and correspond element mappings of K,Ni-Mo0o.75Wo.25S2/MMO.
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Figure S5 Mo3d XPS spectra of (A) K,Ni-M0o1WoS/MMO, (B) K,Ni-Mo0o.9gWo.1S2/MMO, (C) K,Ni-
Mo0o.5Wo.5S2/MMO and W4f XPS spectra of (D) K,Ni-M0o.sW0.1S2/MMO, (E) K,Ni-
M00.5Wo.5S2/MMO.
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Table S3 Carbon monoxide hydrogenation on K-Mo1xWxS2/MMO.

Catalyst K-Mo;W¢/MMO K-Mo0g.gWo.1/MMO K-Mo0g.7sWg.25/MMO K-Mo0gsWos/MMO
Conversion 5.8 5.9 5.1 4.8
Methane 14.9 16.3 16.6 17.1
Ethane 15 1.8 2.7 2.7
Propane 0.5 0.6 0.7 0.7
Methanol 12.4 105 11.1 12.4
Ethanol 29.4 29.5 26.7 29.8
Selectivity Propanol 16.4 17.1 15.7 12.9
(C%) Butanol 2.1 2.4 4.1 3.0
other oxygenates 4.2 3.8 3.9 55
Total hydrocarbon 17.0 18.8 20.2 20.6
Total alcohol 60.2 59.5 57.5 58.1
CO, 18.6 18.6 18.4 15.8
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Figure S6. The ASF distribution of (A) hydrocarbon, (B) alcohols on K-Mo1xWxS2/MMO catalysts,
and (C) hydrocarbon, (D) alcohols on K,Ni-Mo1xWxS2/MMO catalysts.
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