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Table S1. List of TMn@TMCs for which the most stable configuration is 3D (i.e., tetrahedral), and relative 

stability to the most stable 2D configuration (i.e., square).

Cluster
Most stable 2D configuration

(Figure S2)

Stability of the 2D configuration 

compared to the 3D one (eV)

Aun@TiC tC-M 0.29

Aun@ZrC tC-M 0.06

Aun@HfC tC-M 0.18

Aun@cMoC br-C 0.23

Ptn@cMoC tC-M 0.23

Aun@cWC br-C 0.31

Cun@cWC br-C 0.14

Ptn@cWC tC-M 0.64
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Table S2. Experimental and calculated lattice parameters for the bulk TMCs. 

Lattice parameters (a, b, c) / Å*
Structure

Materials 

Project ID Experimental Calculated (PBE-D3)
Deviation / %

TiC mp-631 4.3281 4.308 -0.46

ZrC mp-2795 4.6982 4.694 -0.08

HfC mp-21075 4.6311 4.624 -0.16

VC mp-1282 4.1651 4.138 -0.65

NbC mp-910 4.4693 4.460 -0.21

TaC mp-1086 4.4531 4.456 0.07

hMoC mp-2305 2.898, 2.898, 2.8094 2.904, 2.904, 2.819 0.22, 0.22, 0.34

cMoC mp-2746 4.2785 4.348 1.63

hWC mp-1894 2.91, 2.91, 2.846 2.913, 2.913, 2.846 0.11, 0.11, 0.20

cWC mp-13136 4.3747 4.366 -0.19

 * If a = b = c only one value is indicated

Table S3. Surface C-vacancy formation energies for the cubic TMC slabs, computed as 

 where  and  are the total DFT energies for the TMC slab 𝐸𝑓,𝐶 ‒ 𝑣𝑎𝑐= 𝐸𝑇𝑀𝐶 ‒ 𝑣𝑎𝑐+ 𝐸𝐶 ‒ 𝐸𝑇𝑀𝐶 𝐸𝑇𝑀𝐶 ‒ 𝑣𝑎𝑐 𝐸𝑇𝑀𝐶

with one surface C vacancy and the stoichiometric slab, respectively, and  is the atomic energy of a C atom 𝐸𝐶

in the most stable bulk phase (i.e., graphite).

TMC  (eV)𝐸𝑓,𝐶 ‒ 𝑣𝑎𝑐

TiC(001) 0.73

ZrC(001) 0.74

HfC(001) 1.07

VC(001) -0.27

NbC(001) -0.10

TaC(001) 0.23

c-MoC(001) -1.91

c-WC(001) -1.02
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Figure S1. Example of the reaction profile of CO2 adsorption and dissociation on a supported cluster with a 

very low activation energy ( ) but a high energy barrier for dissociation ( ). Light grey and green spheres 𝐸𝑎𝑐𝑡 𝐸𝑏,𝑑𝑖𝑠

represent the metal atoms from the carbide and the supported cluster, respectively, and dark grey and red spheres 

represent carbon atoms and oxygen atoms, respectively. 
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Figure S2. Geometry of all systems screened in this study and the corresponding adsorption sites considered 

for adsorption of species. The cluster configuration is shown in italics, following the notation from our previous 

work8.
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Figure S3. Box plots showing the distribution of ,  and  grouped by metals for all 4-atom metal 𝐸𝑎𝑑𝑠 𝐸𝑎𝑔𝑔 𝐸𝑓𝑟𝑎𝑔

clusters supported on cubic TMCs. The values corresponding to the 3-atom clusters supported on hexagonal 

TMCs are plotted as purple dots. 
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Figure S4. Distribution of  for CH4 (top) and CO2 (bottom) dissociation for each metal (left) and TMC 𝐸𝑏,𝑚𝑎𝑥

support (right).



Electronic Supplementary Information

Figure S5. BEP relationship for CH3 H (top) and CO O (bottom) bond dissociation on TMn@TMCs. The ‒ ‒

points are coloured by cluster metal, following the colouring scheme used in all other plots. The equations of 

the regression lines are  (top) and  (bottom).𝑦= 0.37𝑥+ 0.69 𝑦= 0.60𝑥+ 0.94
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