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S1. NEB images of CH4 oxidation reaction

The NEB images of initial (IS), transition (TS) and final (FS) states corresponding to the

results in figure 2 are provided in the figure S1.

a) CHs* + O* — CH5* + OH*

IS

b) CHy* + O* — CH;0*

IS TS FS

¢) CH;0* + O* — CH,O* + OH*
IS TS FS

d) CH,0* + O — CHO* + OH*

IS TS FS




e) CHO* + O*— CO* + OH*

IS

Figure S1. NEB images of IS, TS, and FS for CH4 oxidation reactions on S-CuMn,0,4 (50%
lattice expanded). The corresponding energy barriers are provided in the figure 2.




S2. SEM and BET results

The morphology of CuMn,O4 and S-CuMn,0,, particles are observed in the scanning
electron microscopy (SEM) images presented in Figure S2. The porosity of CuMn,0, and S-
CuMn,0, particles measured through N, adsorption-desorption isotherms are displayed in
Figure S3. There is no discernible difference observed between morphology and porosity of

two particle types.



Figure S2. SEM images of CuMn,0y (a, b, ¢, d) and S-CuMn,04 (e, f, g, h) with different scales.
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Figure S3. N, adsorption-desorption isotherms of CuMn,0, (black line) and S-CuMn,O4. (red
line)

S3. Stability analysis for lattice expanded CuMn,04

We investigated the impact of lattice expansion on the stability of the CuMn,O; structure by
assessing the variation in DFT energy with respect to lattice parameters, as depicted in Figure
S4. The DFT energy of the pristine CuMn,O, (corresponding to 0% lattice expansion) was
established as the reference energy, set to 0 eV, as this lattice constant represents the most
stable configuration for CuMn,Q,. In this context, it is important to note that a more positive
energy value indicates a lower structural stability. The simulations revealed that, as the lattice
undergoes expansion, the DFT energy increases, signifying a decrease in the structural
stability. In simpler terms, maintaining the lattice-expanded structure without the presence of
substituted larger atom proves to be non-trivial. These results strongly corroborate the

experimental observation of residual sulfur in lattice-expanded CuMn,0, (S-CuMn,0,.y).
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Figure S4. Energy diagram of relative DFT energy varying with lattice expansion. The DFT energy
of the pristine CuMn,0, (corresponding to 0% lattice expansion) was established as the reference
energy, setto 0 eV




