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1 Powder X-ray diffraction

[00-029-1128] Si C/ Silicon Carbide / Moissanite-3C, syn
14000.01 [01-089-5012] Si/ Silicon
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Fig. S1 Powder X-ray diffractogramm of bare B-SiC and line diffractogramms of reference
phases B-SiC [00-029-1129] (black) and Si [01-089-5012] (red).



2 UV-vis diffuse reflectance spectroscopy

2.1 Experimental

UV-vis DR spectra of undiluted samples without pre-treatment were recorded under ambient
conditions with reference to barium sulphate using a micro probe FCB-UV400-2 and a
spectrometer AvaSpec-2048-2-USB-2 (both from Avaspec, The Netherlands). The spectra
were converted into the Kubelka-Munk function (F(R.,))*

F(R.) = (1 -R)*2R

where R is the reflectance.

2.2 Results
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Fig. S2 UV-vis spectra of MO,/B-SiC samples (M = Fe (a), V (b), Cu (c), Mo (d)) with
different metal surface density (0.02 nm™, 0.15 nm?, 0.34 nm ™). The spectrum of bare
support is shown in (a).

The spectrum of the bare B-SiC support (see Fig. S2(a)) does not significantly differ from the
spectra of MO,/B-SiC regardless of the kind of metal and its loading. All spectra exhibited a
continuous increase in absorption below 300 nm originated from C 2p electron transitions®
which is characteristic for p-SiC.*®

To determine the band gap of B-SiC for indirect transitions the square root of factor F(R.,)
(Kubelka-Munk function) and hv (incident photon energy) was plotted against hv. The value
of hv extrapolated to F(R.,)-hv = 0 gives an absorption energy which corresponds to the band
gap, Eg,.2 The E4 values of MO,/B-SiC and B-SiC samples amounted to 4.1 eV at room
temperature independently of the metal and its site density. This value is in the range of
literature data which are varying from 2.2 to 5.4 eV depending on the SiC polytype.*> ’



3 EPR
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Fig. S3 EPR spectra of (a) bare B-SiC support measured at 100 K and (b) MO,/SiC
catalysts (VO,, CuO,, MoO, with different surface density (0.02 and 0.15 nm™2)) measured at
room temperature. The spectra were normalized to 1 for better comparison and show only

EPR signal of B-SiC (g = 2.004).



4 Effect of metal and loading on S-X relationship at different

temperatures
550 °C
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Fig. S4 Selectivity-conversion relationship for formaldehyde formed at 550 °C over

MO,/B-SiC catalysts (VO,, FeO,, CuO,, ) with different surface density (0.02 (a), 0.15
(b), 0.34 nm™ (c)).
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Fig. S5 Selectivity-conversion relationship for formaldehyde formed at 600 °C over
MO,/B-SiC catalysts (VO,, FeO,, CuO,, ) with different surface density (0.02 (a), 0.15
(b), 0.34 nm™ (c)).



5 Arrhenius plots for methane conversion
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Fig. S6 Arrhenius plots of methane conversion over MO,/B-SiC catalysts (VO, FeOy,
Cu0O,, Mo0O,) with different metal surface density (0.02 (4), 0.15 (m), 0.34 nm™ (A)).
Reaction conditions: CH4/O,/N, = 30/10/60, zmoq = 0.9 g-s-ml™.

6 Activation energy of methane conversion vs. site density
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Fig. S7 Activation energy of methane conversion as a function of metal site density for
MO,/B-SiC catalysts (V (m), Fe (), Cu (®), Mo (4)).



7 Activation energy of formaldehyde formation vs. activation energy
of methane conversion
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Fig. S8 Activation energies of CH,O formation as a function of the activation energies of
methane conversion for different site densities (0.02 (circles), 0.15 (triangles), 0.34 nm™
(squares)) of MO,/B-SiC catalysts (VO,, FeO,, CuO,, ).

8 Formaldehyde selectivity at 600 °C vs. activation energy of

methane
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Fig. S9 Selectivity of CH,O (T = 600 °C, X(CH,4) = 0.015) as a function of the apparent
activation energy of methane conversion for different site densities (0.02 (circles), 0.15
(triangles), 0.34 nm™ (squares)) of MO,/B-SiC catalysts (VO,, FeO,, CuO,, ).



9 Formaldehyde selectivity at 550 and 600 °C vs. electronegativity of
the active metal
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Fig. S10  Selectivity of CH,O at 550 (a) and 600 °C (b) over MO,/B-SiC catalysts (VO
FeO,, CuO,, MoO,) with different metal surface density (0.02 (e), 0.15 (=), 0.34 nm™ (A)) as
a function of the metal electronegativity according to the Allen scale.
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