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Figure S1: Reaction mechanism for the K-MogSg cluster. Color code: hydrogen-white,
carbon-black, sulfur-yellow, adsorbed sulfur (from HsS)-orange, and molybdenum-green.
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Figure S2: Reaction mechanism for the Ni-MogSg cluster. Color code: hydrogen-white,

carbon-black, sulfur-yellow, adsorbed sulfur (from HsS)-orange, and molybdenum-green.
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Figure S3: Reaction mechanism for the Cl-MogSg cluster. Color code: hydrogen-white,
carbon-black, sulfur-yellow, adsorbed sulfur (from HsS)-orange, and molybdenum-green.
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Figure S4: Free energy landscapes at 1400 K.
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Figure S5: TOF with all clusters in the same plot.
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Table S1: Rate constants and free energy barriers at 1400 K for the bare MogSg cluster.

Reaction Type Rate constant [s7!] AG [eV]
CHi(g) + [*,*] = [*, CHj] ads/des | 142937 .'11(?183 122
[, CH] = [H", CHj] s | 318 .'11(?172 0ol
HS(e) + ] = [ S fdes | 2 e
[*, HoS*] = [H*, SH*| TS : 168262 11(())193 (1)8?)
[FSHY 4[] = (B 4 [LSHY | diffusion | Tel }giz s
O+ 0 = [ O] difwion | T s
(5] 4 [HY*] = [H*, HY] diffusion : 1:83 : 182 0.05
[, 17 = [, H] s |0 T iy
[, H5] = [**] + Ha(g) ads/des : %%;.-11%162 1.72
(CH3.* + [, SHY) = [CH3, SHY] + [+*] | diffusion | [0 }812’ 0.05
(CH;, $11°] = [, CH,Si] ST

03

- SHY = e, o0 oo os
[S* ]+ [] = [1,87] + [H] diffusion | ?8; : 181‘2’) 0.05
(CH3* )+ [, 87 = [CHy, S+ 1] | diffusion | 102 }812 -
(CH3, S%] = [, CH,S" s S 229
[H**] + [CH3S*,* | = [H*, CH3S*] + [*,*] diffusion : igz 181? v
[H*, CH3S*] = [*, CH3SH*] TS : %8007 11%192 [1)1?
[*, CH5SH*] 2 [*,*] + CH3SH(g) ads/des : 11"0214..11%163 1.92
[CH3S*,*] + [CH3,* ] = [CH, CH3S*] + [*,*] | diffusion : égg : }gﬁ) "
(CHS, CH3S"] = [*, CH3SCHj] TS | o 181 )15
[*, CH3SCH3] = [*,*] + CH3SCH3(g) ads/des : 11'.10%'.11%123 3.07
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Table S2: Rate constants and free energy barriers at 1400 K for the K-MogSg cluster.

Reaction Type Rate constant [s7!] AG [eV]
CHa(g) +[*,"] = [, CH]] ads/des : ;(?37 ~.11(?183 -
[*, CH) = [H*, CHj] T R 00
HoS(g) + [*,°] = [F, HaS*] ads/des : 74..10(?:11(?193 a
] = 517 oo oo
HSHY + 0] = (1] + [ S| diffusion | © or 10 0.05
[H*, CHE] + [*,*] = [H*,*] + [CHZ,* ] diffusion : ?:gg | 183 0.05
ST —— diffusion | 195%?;,11%193 v
e ) = [ C T
[, H3) = [F,F] + Ha(g) ads/des : 26.10%..11%164 2.09
[CH3,"] + [, SH*] = [CH3, SH*] + [*,"] | diffusion : 1:32 : }gi 0.05
(CH3, SHY] = [*, CH,SH'] s | e 204

03

[+, SH = [H7,5] L D 029
[S*, H*] + [*,*] = [*,S*] 4 [H**] diffusion : 1:33 : }83 0.05
[CH3," ] + [, S"] = [CH3, S*] + [*/7] diffusion : 1?3 : 1812 7
(CH3, §°] = [*, CHyS'] I R 263
H) 4 [CH,S' ' & [, CHaS 4 7] | diffusion | o500 10 e
[H*, CH3S*] = [*, CH3SH*] TS : Iﬁé : }83 gég
[*, CH3SH*] = [*,*] + CH3SH(g) ads/des : 51'.3214..11%163 92.19
(CHas ]+ (O}, ] = Ol CHas T+ ] | difusion | 0 0
(CHS, CH3S"] = [*, CH3SCHj] TS | e 182 o3
[*, CH3SCH3] = [*,*] + CH3SCH3(g) ads/des : 31%19'.11%1; 3.47
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Table S3: Rate constants and free energy barriers at 1400 K for the Ni-MogSg cluster.

Reaction Type Rate constant [s7!] AG [eV]
CH(g) + [*7] = [, CH] adsfdes | .
[*, CH) = [H*, CHj] I 05
HS(e) + 1] = [ oS R
[ HS] = (17 SH s |0 e om
(F1*, SHY) + [*/°] = [H*,] + [*, SHY] diffusion : ;gzigi 0.05
[H*, CHy) + [*,*] = [H",] + [CH3,*] diffusion : 123}813 0.05
"] + [H*"] = [H*, H] diffusion | ?:32:1812 0.05
HY,HY] = [, H I R 077
[, H5] = [**] + Ha(g) ads/des : 265%026.-11%163 1.83
(CH; |+ [, SHY] = [CHS. SH) + ] | diffusion |~ 20710, s
(CHS, SHY| = [+, CH,SH' s 0 0
[+, SHY] = [H", 5] s 020
[S*, 1]+ [*,*] = [, S*] + [H*)"] diffusion : 12?1812 "
[CHS, "]+ [*,S*] = [CHS, 8] + [*.*] diffusion | 7 18;1812 0.05
(CH;, 7] = [, CHyg N
H') 4 [CHyS' ' & (1, CHa8) 4[] | diffusion | © 29810 005
[ CH,S"] = [/, CH,SH' CE
[*, CH3SH*] = [*,* ] + CH3SH(g) ads/des : 11'.92%4..11%163 2.00
[CH38*,* | + [CHS,*] = [CHj, CH5S*] + [*,*] | diffusion : 1:?.9533'-11%193 "
(I, Cits| = [ CitScy 57 e e
[, CH3SCH3] = [*,*] + CH3SCHs(g) ads/des : %%?;.11%123 3.31
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Table S4: Rate constants and free energy barriers at 1400 K for the Cl-MogSg cluster.

Reaction Type Rate constant [s7!] AG [eV]
CHi(g) + [*,*] = [*, CHj] ads/des | 24(?57 .'11(?183 128
[*, CH}] = [H*, CHj] s | 118626 .'11(?182 éég
H,S(g) + 7] = [*, HyS"] adsfdes | © 09100 057
ST = 11 SIT R
[FSHY 4[] = (B 4 [LSH] | diffusion | 00 }812 0.05
[H*, CHy) + [*,*] = [H",] + [CH3,*] diffusion : 122 | 1812 0.05
"] + [H*"] = [H*, H] diffusion | igg : 1812 0.05
[, 17 = [, ) I D 13
[ H3] =[] + Ha(g) ads/des |/ %%2..11%162 1.71
(CH; |+ [, SHY] = [CHS SHY) + ] | diffusion |~ 102100 s
(CHS, SHY| = [+, CH,SH' SR

09

- S = 11,5 o7 e o
[S*, H*] + [*,*] = [*,S*] + [H*,*] diffusion : 132 }81? v
(CH3* )+ [, 87 = [CHy, S+ 1] | diffusion | 270 }81; -
(O, 5] = 1, CH, S S
[H**] + [CH3S*,* | = [H*, CH3S*] + [*,*] diffusion : ;2?7) 181? v
[H*, CH3S*] = [*, CH3SH*] TS : 123 : }83 8257)
[*, CH5SH*] & [*,*] + CH3SH(g) ads/des : 11'.1214..11(())164 2.21
[CH3S*,* ] + [CHZ,* | = [CHS, CH58*] + [*,*] | diffusion : 13;’ : }83 0-05
(CH;, CHS°] = [/, CH,SCH 17 Ve oo
[, CH3SCH3] = [*,*] + CH3SCHs(g) ads/des : 71'.703.11%122 3.01
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Figure S6: Coverages for the four different clusters.
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Figure S7: TOF comparing lowering and increasing the diffusion barriers by an order of
magnitude.
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Figure S8: Selectivity towards DMS when lowering and increasing the diffusion barriers by
an order of magnitude. Increasing the diffusion barrier by a factor of 10 affects the selectivity,

but the trend remains the same.
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Figure S9: The degree of rate control as a function of temperature for the different clusters.
The diffusion steps in gray, are important for the reactions to be possible. They also show
the stochiometry, for instance the separation of H* and CH3* from the same cluster needs
to happen two times before the H* + H* — H* H* can happen one time.
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Figure S10: The projected COHP with the bonding orbitals with positive values to the right
and antibonding character to the left. The solid and dashed lines are for the different spin
channels. Promoting the cluster with K does not change the electronic structure that much,
other than occupying some antibonding orbitals. Promoting the cluster with Ni and CI
changes more, where especially Ni introduces a lot of new features and weakens the Mo-Mo

interaction.
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