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Table S1. Calculated values for 4O (T, p) in eV, referenced to 300K, 101325Pa (1atm) highlighted in

red.

1.00 1.00E

E-10 | 0.1 0.15 0.2 0.25 0.3 0.35 0.4 1 +10
300 -0.30 | -0.03 | -0.02 |-0.02 |-0.02 |-0.02 |-0.01 |-0.01 |0.00 0.30
350 -041 |-0.10 |-0.09 |-0.09 |-0.08 |-0.08 |-0.08 |-0.08 |[-0.06 |0.29
400 -0.52 | -0.16 |-0.16 |-0.15 |-0.15 |-0.14 |-0.14 |-0.14 |-0.12 |0.27
450 -0.63 | -0.23 |-0.22 |-0.22 |-0.21 |-0.21 |-0.21 |-0.21 |-0.19 |0.26
500 -0.75 1-0.30 |-0.29 |-0.29 |-0.28 |-0.28 |-0.28 |-0.27 |[-0.25 |0.24
600 -098 |-044 |-043 |-043 |-042 |-042 |-041 |-041 |-0.38 |0.21
700 -098 | -0.59 | -0.58 |-0.57 |-0.56 |-0.56 |-0.55 |-0.55 |-0.52 |0.17
800 -1.21 | -0.74 |-0.72 |-0.71 |-0.71 |-0.70 |-0.69 |-0.69 |-0.66 |O0.13
900 -1451-0.89 |-0.87 |-0.86 |-0.85 |-0.85 |-0.84 |-0.83 |-0.80 |0.09
1000 -1.69 | -1.04 |-1.02 |-1.01 |-1.00 |-0.99 |-099 |-098 |-0.94 |0.05
1100 -193 |-1.20 |-1.18 |-1.16 |-1.15 |-1.14 |-1.14 |-1.13 |-1.09 | 0.00
1200 -2.18 | -1.35 |-1.33 |-1.32 |-1.31 |-1.30 |-1.29 |-1.28 |-1.23 |-0.04
1300 243 | -1.51 |-149 |-147 |-146 |-145 |-144 |-144 |-1.38 |-0.09
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Figure S1. ©O(T,P) taken from table S1, calculated according to eq(4) shown in experimental

section.

The positive values for “O, balance” in Table S2 indicate that oxygen needs to be added into the system to
form the respective Mn,O, cluster, while a negative value signifies release of O, from the solid to the gas-

phase.

1

ref: 300K, p/P°

Table S2. Calculated parameters from general stoichiometry equation for various Mn,Oj, clusters.

Cluster a = Mn atoms in the | b=0 atoms in the | Fraction of | O, balance =

Stoichiometry cluster cluster Mn,0; = b —48(a/32)
(a/32)

MnO 1 1 0.03125 -0.5

MnO, 1 2 0.03125 0.5

MnO; 1 3 0.03125 1.5

Mn,0O 2 1 0.0625 -2

Mn,0, 2 2 0.0625 -1

Mn, 05 2 3 0.0625 0

Mn,0, 2 4 0.0625 1

Mn, 05 2 5 0.0625 2




Bader charge-oxidation state correlation using bulk reference compounds. Often, calculated
values of Bader charges, especially transitional metals, are reported in the literature as misnomers
for formal oxidation states. While Bader charge and oxidation state are indirectly related, Bader
charges cannot be explicitly used as oxidation state. To ascertain oxidation state of a metal center
from its Bader charge, the calculated data needs to be calibrated with compounds where formal
oxidation state is experimentally known. Using the calibrated correlation then, one can back out
oxidation state of a metal center from its Bader charge value, which has been demonstrated
implicitly in various literature reports.!? This approach of data calibration was used to generate
linear correlations, shown below, for both Mn and W centers, so their formal oxidation state under
various conditions could be ascertained from the Bader charge calculation. Reference compounds
used for each case are labelled on the plot in Figure S2.

31 e Mn /f' /
g%fn ®] W // /‘
2 At
g /S wo,
oxidation state calculated Bader charge Y 2 Mn,0; / ’é 0
3 %g% -Es; Mn,O, ¢ " " °
Mn 2.67 : M i @
5 1.43 = Mn:S10j/,/
0 0 =Y
w6 2.56 2 [Mnz” 058x;r%0.95
4 2.01 = v 0.45x ; 1*: 0.98
0 0 0 @W .
0 . 4 6

formal oxidation state

Figure S2. Linear correlation of calculated Bader charge values with formal oxidation state of
transition metals using bulk reference compounds.

Table S3. Summary of various pathways studied for CH, dissociation over Na,WQ, surface sites.

CH, dissociation pathways over Na,WQ,/SiO, catalyst’

TS Final Descriptor




1 W _OCH3 OH N
a

2 b H W _OCH3

3 H W _OCH3

4 | Shown in main file-dominant pathway

Table S4. Summary of various pathways studied for CH, dissociation over Mn,Os-Na,WOy,
surface sites.

CH, dissociation pathways over Mn,05-Na,WO,/SiO, catalyst': WOs moiety

# | TS Final Descriptor




WO _CH3_OH

W_CH3_OH

W_CH3 OH b

W_OCH3_OH_Mnl




b Mnl_OCH3 Mnl O

H W

Mn2 OCH3 OH

B_Mn2_OCH3_OH

B Mn2 OCH3 Mnl-

2 OH

Shown in main file-dominant pathway
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Optimized POSCAR of Mn,05-Na,WO0,/SiO,

SIOHW
1.00000000000000

Na Mn

15.2080000000000002
0.0000000000000000
0.0000000000000000

Si O H W

24 64 14

Selective dynamics
Direct

Q.
.3332397420000035
.6665735139999995
.9999066279999980
.3332397420000035
.6665735139999995
.1665728560000019
.4999066279999980
.8332404000000011
.1665728560000019
.4999066279999980
.8332404000000011
.1532268054213830
.4879422218042109
.8193699529735241
.1793058062795225
.5102187620006120
.8426041478787027
.9892929645618622
.3234166717243880
.6570521189737022
.0054896735953065
.3426610528344796
.6714991466819171
.5577081614557571
.5114062682617941
.6712020141537920
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.7500833439999965
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.2500843300000000
.2500843300000000
.2500843300000000
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.7500833439999965
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.9968319137017616
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.5041927658054774
.5025772817025000
.9010562125522554
.9052169313888783
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.6059482016061821
.5946038828055293
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OO0 OOTOIOODOOOOOOOOGOO®

.3297078570000025
.3297078570000025
.3297078570000025
.3297078570000025
.3297078570000025
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.3956921429999980
.3956921429999980
.3956921429999980
.3956921429999980
.3956921429999980
.4634250744653130
.4635169541107658
.4628062722268140
.4645781299298974
.4618209557183022
.4624893568326343
.5155577803823306
.5148994529110169
.5189759170597625
.5139079667169000
.5180251958292033
.5172174249893970
.6574263038939421
.5938477735051819
.6530909056692806
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OO0 00D

.7459980031478608
.8274751546374404
.9721541290000033
.0276591269999997
.3054865860000007
.3609928979999992
.6388203579999967
.6943266700000024
.9721541290000033
.0276591269999997
.3054865860000007
.3609928979999992
.6388203579999967
.6943266700000024
.0832397420000035
.2499066279999980
.4165735139999995
.5832397420000035
.7499066279999980
.9165735139999995
.0832397420000035
.2499066279999980
.4165735139999995
.5832397420000035
.7499066279999980
.9165735139999995
.1803880974439807
.1533858960287589
.5169524158426810
.4829403232376848
.8491731693124009
.8137210852486447
.1922798097670295
.1389926864801154
.5302757977268016
.4743103305639451
.8594128970590660
.8049510725429343
.0616032809748930
.2280709629079354
.3947098838713288
.5615106165227814
.7273815352718955
.8941599358585250
.1002320491231714
.2675647616818182
.4339100437087140
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.1250850699999972
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.7084537470000001
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.9641065381969085
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