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1. METAL COMPOSITION OF Ag AND/OR Cr CONTAINING CATALYSTS

Table S1. Metal composition of prepared catalysts determined by ICP-MS analysis.

Catalyst Ag (wt %) Cr (wt %) Ag + Cr (wt %) Ag/Cr ratio
AgCr@CN-400 10.84 2.88 13.72 3.76
AgCr@CN-500 11.41 3.08 14.49 3.70
AgCr@CN-600 11.59 3.12 14,71 3.71
AgCr@CN-700 11.95 3.20 15.15 3.73
AgCr@CN-800 12.74 3.40 16.14 3.74
AgCr@CN-900 14.16 3.82 17.98 3.70
M-free@CN-800 - - - -
AgCr@CN-800-acid 0.12 2.29 2.41 0.05
Ag@CN-800 14.41 - 14.41 -
Ag@CN-800-acid 0.13 - 0.13 -
Cr@CN-800-acid - 2.40 2.40 -

2. EXTENSION DATA OF CATALYTIC STUDIES FOR CATALYSTS AgCr@CN-X (X = 400-
900 °C), M-free@CN-800, AgV@CN-800, AND AgW@CN-800
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Figure S1. Concentration/time diagram for the dehydrogenative coupling reaction of 1a with methanol in
the presence of (a) AgCr@CN-400, (b) AgCr@CN-500, (¢) AgCr@CN-600, (d) AgCr@CN-700, (e)
AgCr@CN-900, and (f) M-free@CN-800.
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Figure S2. Concentration/time diagram for the dehydrogenative coupling reaction of 1a with methanol in
the presence of (a) AgW@CN-800 (14.26 metal wt %), (b) AgV@CN-800 (9.76 metal wt %). (c)

Comparison of the metal mass activity of different silver containing bimetallic catalyst prepared by the

chitosan-annealing synthetic approach.
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Figure S3. Concentration/time diagram for the dehydrogenative coupling reaction of 1a with methanol in

the presence of catalyst AgCr@CN-800. Reaction conditions: (a) AgCr@CN-800 (5 mg), 60 °C; (b)
AgCr@CN-800 (15 mg), 0 °C. (¢) AgCr@CN-800 (15 mg), 30 °C. (d) AgCr@CN-800 (15 mg), 30 °C,
O; bubbling. (¢) AgCr@CN-800 (15 mg), 30 °C, Ar atmosphere.

S3



Turnover number (TON) and Turnover Frequency (TOF)

molconv.la _ 1

TON =

" mol Ag+mol Cr B 0,009 =111 (EQ- Sl)

mol conv. 1a 1-0,15
TOF — ( /molA_g+mol Cr) - /0,0275 — 327 h—l (Eq 82)

time Yeo

Procedure for the measurement of the Hz evolution for the dehydrogenative coupling reaction of

dimethyl(phenyl)silane (1a) and methanol

A 4 mL vial containing 15 mg of AgCr@CN-800, anisole as an internal standard (0.5 mmol), anhydrous
methanol (1.0 mL), and a stirring bar was introduced in a 500 mL flat-bottom flask. Once the flat-bottom
flask was sealed with a septum, the silane 1a (1 mmol) was added through a syringe together with an
additional amount of anhydrous methanol (0.5 mL), basically used to collect the remaining amount of
silane inside the syringe. Then, the reaction mixture was stirred at 25 °C (laboratory temperature) and
when the reaction was finished, the evolved H> gas was released in a measure setup consisting in an
inverted burette system. A blank in the absence of catalyst was also carried to avoid measurement errors.

The volume of H> gas evolved (Vu2 — Vbiank) was 24.3 mL, which according to the Van der Waals

equation shown below is equivalent to 1 mmol of Ho.

_RT . a _ L
Vp="14b - o= 24450 (Eq.S3)

R=28,3145m3 - Pa- mol?
T=298K

p = 101,325 Pa
a=2,49-101Pa-m3- mol?
b=26,7-10°m?3- mol?
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3. EXTENSION OF THE CHARACTERIZATION RESULTS FOR CATALYST AgCr@CN-800

— 5 S o e : : n o~ “ %

Figure S6. High-magnification images of the Cs-corrected HAADF-STEM analysis for catalyst
AgCr@CN-800.
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Figure S7. High-magnification EDS elemental mapping of Ag, Cr, C, and N for catalyst AgCr@CN-800.

4. CHARACTERIZATION RESULTS AND CATALYTIC STUDIES FOR CATALYST
AgCr@CN-800-Ar
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Figure S8. XRD pattern of catalyst AgCr@CN-800-Ar (a) and AgCr@CN-800-Ar-Acid (b). (c)
Concentration/time diagram for the dehydrogenative coupling reaction of la with methanol in the

presence of catalyst AgCr@CN-800-Ar.
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5. CHARACTERIZATION RESULTS AND CATALYTIC STUDIES FOR CATALYST Ag@CN-
800
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Figure S9. Characterization of catalyst Ag@CN-800. Ag 3d (a), Ag 3p (b) and N 1s (c) core level XPS
spectra. (d) XRD pattern. (¢) TEM image. (f) Concentration/time diagram for the dehydrogenative
coupling reaction of 1a with methanol in the presence of catalyst Ag@CN-800.

The XRD pattern (Figure S9d) of catalyst Ag@CN-800 presents the diffraction peaks associated with the
face-centered cubic (fcc) structure of Ag® in agreement with the JCPDS database (PDF Card 1-1164). The
high-resolution Ag 3d core level XPS spectrum (Figure S9a) displays two peaks associated with the
characteristic spin—orbit splitting of Ag 3ds;, and Ag 3ds/ orbitals. Each of these peaks can be fitted into
two separated components, the ones associated with Ag® species (at 368.1 and 374.1 eV) and the
components associated with Ag® (at 369.3 and 375.3 eV). As shown in Figure S9b, the characteristic
peaks associated with Ag® species are also present in the high-resolution Ag 3p core level spectrum.
Importantly, as it is mentioned in the main manuscript for catalyst AGgCr@CN-800, the obtained binding
energy values for Ag* species compared with those of molecular-defined complexes, which contain Ag-N
bonds within a related structure (368.4 eV),! revealed a prominent increase of their electron density
according to previous comparison studies reported in the literature.? This result suggests that these Ag*
species could be embedded in N-doped graphitic carbon in the form of Ag-Nx sites. This suggestion is
also supported by the results obtained from the comparison of the high-resolution N 1s energy level

spectrum (Figure S9c) with that of the catalyst M-free@CN-800 (Figure 4d). More specifically, there is
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an energy shift of over 0.2 eV in the pyridinic-N component as result of the existence of Ag-N
interactions.2* Moreover, there is an increase of the ratio of pyrrolic-N to pyridinic-N species, which
could be associated with the presence of Ag* species attached to pyridinic-N that results in the formation
of Ag-Nx species, whose binding energies fall in the same range as the pyrrolic-N function binding energy.
On the whole, catalyst Ag@CN-800 is constituted by crystalline nanoparticles with a narrow size
distribution of 5-20 nm (as shown in Figure S9e) embedded in N-doped graphitic structures that contain
highly dispersed Ag-Nx sites as well.

6. CHARACTERIZATION OF CATALYST Ag@CN-800-Acid
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Figure S10. Characterization of catalyst Ag@CN-800-Acid. Ag 3d (a), Ag 3p (b) and N 1s (c) core level
XPS spectra. (d) XRD pattern. (e, f) TEM images.

The high-resolution Ag 3d core level spectrum (Figure S10a) of catalyst Ag@CN-800-Acid displays the
two characteristic peaks associated with the spin-orbit splitting of Ag 3ds» and Ag 3ds» orbitals.
However, compared with the XPS spectrum of catalyst Ag@CN-800, each of these peaks can only be
fitted into one component associated with Ag* species at exactly the same binding energies of 368.1 and
374.1 eV. Moreover, a silent high-resolution Ag 3p core level XPS spectrum is obtained (Figure S10b),
further confirming the absence of Ag® species. The N 1s XPS spectrum (Figure S10c) is similar to the one
of catalyst Ag@CN-800. No other diffraction peaks different to the ones associated with graphitic carbon
are observed in the XRD pattern (Figure S10d) of the acid-etched catalyst Ag@CN-800-Acid. As shown
in Figures S10e-f, TEM images (Figures S10e-f) show no particles while the hollow-centered graphitic
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carbon layers are still preserved. All these characterization results (see also Table S1) confirm that the
consecutive acid leaching treatments effectively remove the Ag metallic nanoparticles from catalyst
Ag@CN-800, and consequently, the acid-etched catalyst Ag@CN-800-Acid is only constituted by highly
dispersed Ag-Nj sites embedded in N-doped graphitic carbon.

7. CHARACTERIZATION OF CATALYST Cr@CN-800-Acid
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Figure S11. Characterization of catalyst Cr@CN-800-Acid. Cr 2p (a), and N 1Is (b) core level XPS

spectra. (¢) XRD pattern. (d, ¢) TEM images.

The XRD pattern of catalyst Cr@CN-800-Acid (Figure S11c) shows diffraction peaks associated with the
cubic phase of CrN (PDF Card 65-2899) as well as the characteristic broad ones of graphitic carbon. As
reveled by TEM characterization (Figure S11d-e), CrN is in the form of crystalline nanoparticles (~ 30
nm) coated by (defect/N-doped) graphitic carbon layers. Besides the four types of N species,
characteristic of N-doped graphitic materials (i.e. pyridinic N-oxide, graphitic-N, pyrrolic-N, and pyridinic-
N), the component (at 396.7 eV) attributed to CrN can also be inferred in the high-resolution N 1s core level
XPS spectrum (Figure S11b). Importantly, an energy shift of over 0.2 eV of the pyridinic-N component
with respect to the one of catalyst M-free@CN-800 (Figure 4d) can also be detected,”* thus suggesting
the existence of Cr-Nx sites, whose binding energies fall in the same range as the pyrrolic-N function
binding energy. Furthermore, the components of both CrN and atomically dispersed Cr-Ny sites can also
be observed in the high-resolution Cr 2p XPS spectrum of catalyst Cr@CN-Acid after deconvolution and

fitting (Figure S11a).
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8. KINTETIC STUDIES
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Figure S12. Kinetic studies on the dehydrogenative coupling reaction of 1la with methanol in the
presence of catalyst AgCr@CN-800. (a) Initial reaction rate at different concentrations of methanol.
Reaction conditions: 10 mg AgCr@CN-800, 1a (1 mmol), solvent (methanol + ethyl acetate = 1.5 mL),
0.5 mmol anisole as an internal standard, 30 °C.

(b) Initial reaction rate at different concentrations of dimethyl(phenyl)silane (1a). Reaction conditions: 10

mg AgCr@CN-800, methanol (1.5 mL), 0.5 mmol anisole as an internal standard, 30 °C.

9. EXTENSION OF RAMAN SPECTROSCOPY INVESTIGATIONS
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Figure S13. (a) Raman spectrum on catalyst AQCr@CN-800 in an Ar flow at room temperature.

S10



a) b)

610

T . T T T T

T T T T .
500 1000 1500 2000 500 1000 1500 2000

Raman shift (cm™) Raman shift (cm™)

Figure S14. (a) Evolution of the bands in the Raman spectra on catalyst AgCr@CN-800 after
sequentially dosing at room temperature a 20% O/Ar flow (black line) and a silane 1a/Ar flow (red line).
(b) Raman spectra of catalyst AgCr@CN-800 after sequentially dosing at room temperature a Hy flow

(black line) and a methanol/Ar flow (red line).

10. HOT FILTRATION EXPERIMENT
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Figure S15. Hot filtration experiment. Reaction conditions: 1a (I mmol), methanol (1.5 mL), catalyst

AgCr@CN-800 (15 mg), 60 °C, and after filtration 30 °C. Yields determined by GC using anisole as an

internal standard (54 pL, 0.5 mmol).
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11. CHARACTERIZATION OF THE RECYCLED CATALYST AgCr@CN-800-R4

Figure S16. TEM (a, b), HRTEM (c, d) and HAADF-STEM (e, g) images of the recycled catalyst
AgCr@CN-800-R4. (f, h) EDS elemental mapping for Ag, Cr, C, and N.
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Figure S17. XRD pattern (a), and Ag 3p (b), Cr 2p (c), and N 1s (d) core level XPS spectra of the
recycled catalyst AgCr@CN-800-R4.

S12



12. CHARACTERIZATION DATA AND EXPERIMENTAL DETAILS OF THE ISOLATED
PRODUCTS

O

Dimethyl(phenyl)silane (3aa): Yield: 89 %. Product purify by silica gel column chromatography using
n-hexane/ethyl acetate mixtures as the eluent solvent. The NMR spectrum is consistent with the reported
data.>*H NMR (400 MHz, CDCl3) § 7.66 — 7.55 (m, 2H), 7.48 — 7.33 (m, 3H), 3.47 (s, 3H), 0.41 (s, 6H).
13C NMR (101 MHz, CDCls) § 137.80, 133.79, 129.97, 128.21, 50.97, -2.00. 2°Si NMR (79 MHz, CDCls)
8 9.41. MS (EI): m/z (rel. int.) 166.

®/\Si/o\/\OH
|

2-((dimethyl(phenyl)silyl)oxy)ethan-1-ol (3ai): Yield: 79 %. After removing the catalyst by filtration,
the product was extracted with n-hexane and purify by silica gel column chromatography using n-
hexane/ethyl acetate mixtures as the eluent solvent. *H NMR (400 MHz, CDCls3) § 7.64 — 7.53 (m, 2H),
7.46 — 7.34 (m, 3H), 3.74 — 3.61 (m, 5H), 0.42 (s, 6H). *C NMR (101 MHz, CDCls) § 137.70, 133.73,
130.10, 128.28, 64.40, 63.92, -1.59. 2°Si NMR (79 MHz, CDCls) § 9.28. MS (El): m/z (rel. int.) 196.

Metoxytriphenylsilane (3ba): Yield: 93 %. Product obtained by solvent evaporation. The NMR
spectrum is consistent with the reported data.>*H NMR (300 MHz, CDCl3) § 7.92 (dd, J = 7.6, 1.9 Hz,
6H), 7.75 — 7.50 (m, 9H), 3.89 (s, 3H). 1*C NMR (75 MHz, CDCls) § 135.66, 134.20, 130.35, 128.19,
52.07.2°Si NMR (79 MHz, CDCls) § -11.33. MS (EI): m/z (rel. int.) 290.

Diphenyldipropoxysilane (3cc): Yield: 92 %. Product purify by silica gel flash chromatography using n-
hexane as the eluent solvent. The NMR spectrum is consistent with the reported data.” *H NMR (300
MHz, CDCl3) 6 7.80 (dd, J = 7.7, 1.9 Hz, 4H), 7.62 — 7.33 (m, 6H), 3.88 (t, J = 6.6 Hz, 4H), 1.75 (d, J =
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7.4 Hz, 4H), 1.05 (t, J = 7.4 Hz, 6H). 3C NMR (75 MHz, CDCls) § 135.03, 133.43, 130.23, 127.89,
64.93, 25.84, 10.43. °Si NMR (79 MHz, CDCls) § -32.73. MS (EI): m/z (rel. int.) 300.

O

Dibutoxydiphenylsilane (3cd): Yield: 80 %. Product purify by silica gel flash chromatography using n-
hexane as the eluent solvent. The NMR spectrum is consistent with the reported data.® *H NMR (300
MHz, CDCls) & 7.71 (dd, J = 7.7, 1.8 Hz, 4H), 7.62 — 7.30 (m, 6H), 3.84 (t, J = 6.5 Hz, 4H), 1.76 — 1.54
(m, 4H), 1.54 — 1.34 (m, 4H), 0.94 (t, J = 7.3 Hz, 6H). 13C NMR (75 MHz, CDCl3) & 135.05, 133.46,
130.23, 127.90, 63.02, 34.77, 19.12, 13.98. 2°Si NMR (79 MHz, CDCls) & -32.71. MS (El): m/z (rel. int.)
328.
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14.H, 13C, AND ?°Si NMR SPECTRA OF THE ISOLATED PRODUCTS
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