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Figure S1: Adsorption energy of COs for various surface H coverages. Top view of the
geometries are also given. Fe, O, C and H atoms are respectively represented by orange, red,
grey and cyan colour balls. For clear visualisation the surface atoms are represented with
reduced brightness.



Table S1: Distinct reaction steps and their reaction energies (AE) at U =0 V.
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Index Reaction step AE (eV)
13 _ 2.06
14 e 0.01
15 e 1.01
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Table S2: All the possible reaction paths for the formation of CH,O through electrocatalytic
reduction of CO, on hematite surface and minimum potential (U,,;,) required to make all
the reaction steps downhill process. The potential determining step is given bold font.
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Index | Reaction path Path name | Upin (V)
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Figure S2: The free energy diagram of electrocatalytic reduction of CO5 to CH5O on hematite
surface at 0 V (RHE). The reaction step types (1), (2) and (3) presented in Section-2 of main
article are respectively represented by blue dotted lines, green solid lines and red dashed lines.
The vertical lines represents the proton-electron transfer step.

Table S3: All the possible reaction paths for the formation of CH3OH through electrocatalytic
reduction of COy on hematite surface and minimum potential (U,,;,) required to make all
the reaction steps downhill process. The potential determining step is given bold font.
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Index | Reaction path Path name Unin (V)
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Index | Reaction path Path name Unin (V)
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Figure S3: Mechanism type A: The free energy diagram of electrocatalytic reduction of COq
to CH30H on hematite surface at 0 V (RHE). The vertical lines represents the proton-

electron transfer step. The colour code is same as Figure-S2.
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Figure S4: Mechanism type B: The free energy diagram of electrocatalytic reduction of COq
to CH3OH on hematite surface at 0 V (RHE). The vertical lines represents the proton-

electron transfer step. The colour code is same as Figure-S2.
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Figure S5: Mechanism type C: The free energy diagram of electrocatalytic reduction of CO,
to CH30H on hematite surface at 0 V (RHE). The vertical lines represents the proton-

electron transfer step. The colour code is same as Figure-S2.
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