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1. Common information and methods

1.1. Materials
Technical grade silicon KR-1 (1-1.5 mm, purity > 98%, major impurities Fe < 0.7%, Al < 0.7, and Ca < 0.6%) was used as the source of silicon. 

Commercial CuCl and Cu powder (3 μm) were used as the copper catalysts. Commercial Zn powder was used as additive. Commercial Sn powder was 

used as additive. CuCl was purchased from ABCR. Cu powder was purchased from Sigma-Aldrich. Sn powder and Zn powder were purchased from 

Omega Snab Complect. Dimethyl ether was purchased from Sigma Aldrich.

1.2. Methods and analysis
1.2.1. NMR
1H, and 29Si NMR spectra were recorded on a Bruker Avance™ 500 and Bruker Avance™ 600 spectrometers (Germany) (at 500.13 and 600.22, 

99.36 MHz for 1H and 29Si, respectively). The 1Н chemical shifts were measured relative to TMS using residual signal of solvent CDCl3 (7.26 ppm). 

The 29Si NMR spectra were measured in CDCl3 containing Cr(acac)3 (30 mmol/L). The 29Si chemical shifts were measured relative to TMS used as the 

external standard.

1.2.2. Gas chromatography analysis (GC)

Gas chromatography (GC) analysis was performed on a Cromatec Crystal 5000 chromatograph (Russia) at 50–250 °C, 20° min−1; catharometer 

detector, columns (2 mm × 2 m) with 5% SE-30 stationary phase deposited onto Chromaton-N-AW-HMDS, helium as a carrier gas (20 mL min−1). Data 

were recorded and processed using the Chromatec Analytic program package (Chromatec, Russia).

1.2.3. Powder X-ray diffraction (PXRD)

XRD patterns were performed on a Proto AXRD θ-2θ diffractometer with a copper anode, a nickel Kβ filter (Kα=1.541874 Å) and a Dectris 

Mythen 1K 1D detector in the Bragg-Brentano geometry in the angular range of 20°–100° with a step of 0.02° along the angle 2θ.
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Qualitative phase analysis was performed using Crystallography Open Database and the ICDD PDF-2.

1.2.4. Scanning electron microscopy (SEM)

The surface morphology was studied by scanning electron microscopy using a JSM-6000 PLUS scanning electron microscope (JEOL, Japan). 

The studied samples were dispersed as powders on a conducting carbon adhesive tape. The elemental composition of each surface was determined using 

an EX-230**BU system with integrated energy dispersive analysis.

1.2.5. X-Ray photoelectron spectroscopy (XPS)

X-Ray photoelectron spectroscopy (XPS) was carried out on an Axis Ultra DLD spectrometer (Kratos) using monochromatic Al Kα radiation 

with an X-ray beam power of 150 W. Survey spectra and high-resolution spectra were recorded at pass energies of 160 and 40 eV, respectively. Survey 

spectra were recorded with a step of 1 eV, while high-resolution spectra were recorded with a step of 0.1 eV. The dimensions of the explored area were 

300 × 700 μm2. Samples were mounted on a holder using a double-sided adhesive tape and studied at room temperature at the residual pressure in the 

spectrometer chamber no higher than 10−8 Torr. The energy scale of the spectrometer was calibrated according to the standard procedure based on the 

following binding energies: 932.62, 368.21 and 83.96 eV for Cu 2p3/2, Ag 3d5/2, and Au 4f7/2, respectively. To eliminate the effect of sample charging, 

the spectra were recorded using a neutralizer. Surface charging was taken into account based on the Si 2p3/2 peak of the Si(0) state with a binding energy 

of 99.34 eV.1 The background due to electron inelastic energy losses was subtracted by the Shirley method. Quantification was performed using atomic 

sensitivity factors included in the software of the spectrometer.

1.2.6. Fourier-transform infrared spectroscopy (FTIR)

IR spectra were recorded on an IR spectrometer with a Fourier transformer Shimadzu IRTracer-100. Infrared spectra were obtained by liquid film 

method. Gas-phase IR spectrum were recorded in IR gas cell with KBr windows.



6

1.2.7. GPC

GPC analysis was performed on the "Shimadzu" (Japan, Germany), the detector - refractometer RID – 20 Å, the column – Phenogel 5u 500Å (Size 

(300 x 7,8 mm)); standart – polystyrene, eluent – toluene, THF; temperature - 40°С; speed of flow 1ml/sec.

1.2.8. Gas chromatography-mass spectrometry analysis (GC-MS)

GC-MS measurements were performed using Shimadzu QP2020 gas chromatograph-mass spectrometer with the following parameters: column: 

Shimadzu SH-Rtx-5MS (30 m × 0.25 mm × 0.25 μm); oven temperature: 50 °C, hold for 3 min, ramp to 200 °C at 30 °C/min, hold for 11 min; injection 

temperature: 250 °C; splitting ratio: split 1:10; MS ion source temperature: 200 °C; interface temperature: 250 °C; total run time: 20 min. Solvent cut-

off time was 2 minutes for diethyl ether and 5 minutes for decane.

1.3. Experimental
1.3.1. Typical experiment with copper (I) chloride as a source of copper

The design and parameters of the MCHPR that was used in the direct synthesis were described in our previous work2 and in fig. S1. Commercial 

grade KR-1 silicon (particle size 1-1.5 mm, 0.5 g, 17.8 mmol), copper(I) chloride (0.1 g), Zn powder (0.02 g), Sn powder (0.03 g) and ZrO2 (stabilized 

with Y2O3) milling bodies (14 pcs, 38.38 g) were loaded into the autoclave. Then the autoclave was filled with required amount of dimethylether under 

chill-down using an INFLOW mass flow meter (Bronkhorst, Netherlands). The reactors with attached electric heaters were mounted in cradles. After 

that, autoclave heated up for 10 minutes (the temperature setting was 250°C) and then vibration drive was activated. The vibrational acceleration was 19 

g. The silicon particles were ground up and stirred with a copper source by vibration milling. The resulting particles reacted with dimethylether to give 

methoxysilanes. After the specified amount of time of simultaneous heating and vibration, the mixture was cooled to room temperature. The liquid 

reaction products were analyzed by GC (see fig. S28), GC-MS (see 4.5), NMR (see 4.4) and FTIR (see fig. S30). The contact mass was separated from 

the reaction products by centrifugation, then washed three time with hexane, dried and studied using SEM-EDX, XPS, and PXRD.
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1.3.2. Typical experiment with copper as a source of copper

The design and parameters of the MCHPR that was used in the direct synthesis were described in our previous work 2 and in fig. S1. Commercial 

grade KR-1 silicon (particle size 1-1.5 mm, 0.5 g, 17.8 mmol), copper powder (0.128 g), Sn powder (0.03 g), Zn powder (0.02 g) and ZrO2 (stabilized 

with Y2O3) milling bodies (14 pcs, 38.38  g) were loaded into the autoclave. Then the autoclave was filled with required amount of dimethylether under 

chill-down using an INFLOW mass flow meter (Bronkhorst, Netherlands). The reactors with attached micanite heaters were mounted in cradles. After 

that, autoclave heated up for 10 minutes (the temperature setting was 250°C) and then vibration drive was activated. The vibrational acceleration was 19 

g. The silicon particles were ground up and stirred with a copper source by vibration milling. The resulting particles reacted with dimethylether to give 

methoxysilanes. After the specified amount of time of simultaneous heating and vibration, the mixture was cooled to room temperature. The liquid 

reaction products were extracted with diethyl ether and then were analyzed by GC and GC-MS (see Figure S28).
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Figure S1. Experimental scheme.
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1.4. Calculations
The silicon conversion and selectivity of products were estimated as follows:

Concentration data obtained with GLC give us mass relations between components of the reaction mixture. It allows us to determine the 

selectivities of components (Si) by this equation:

𝑆𝑖 =
𝑊𝑖

∑𝑊𝑖

To determine Si conversion, we need to calculate the mass of reaction mixture.
𝑚𝑚𝑖𝑥 = 𝑚𝑑𝑖𝑚𝑒𝑡ℎ𝑦𝑙𝑒𝑡ℎ𝑒𝑟 + 𝑚𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒 ∗ 𝐶𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒 ‒ 𝑚𝑔𝑎𝑠

 – mass of gaseous products, mostly CH3OCH3.  and  are 3.3 and 1 g respectively.  is the Si conversion.𝑚𝑔𝑎𝑠  𝑚𝑑𝑖𝑚𝑒𝑡ℎ𝑦𝑙𝑒𝑡ℎ𝑒𝑟 𝑚𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒 𝐶𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒

𝑚𝑚𝑖𝑥 = 𝑚𝑚𝑒𝑡ℎ𝑎𝑛𝑜𝑙 + 𝑚𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒 ∗ 𝐶𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒 = 3.3 + 𝐶𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒 ‒ 𝑚𝑔𝑎𝑠

𝐶𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒 =
𝑛𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑆𝑖

𝑛𝑙𝑜𝑎𝑑𝑒𝑑 𝑆𝑖
=

∑𝑊𝑖 ∗ 𝑚𝑚𝑖𝑥

𝑀𝑖

𝑚𝑠𝑖𝑙𝑖𝑐𝑜𝑛𝑒

𝑀𝑆𝑖

After some iterations, we get an appropriate silicon conversion.
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SEM-EDX elemental analyses
Table S1. SEM-EDX elemental analyses data table (% wt).

Elements (% wt)Sample Area Si Cu C O Al Cl Fe Cr Zn Zr Sn
Reacted 72,06 0,38 19,78 5,47 0,34 0,26 0,37 1,36

CM-20 Non 
reacted

81,17 0,22 14,82 1,69 0,32 0,04 0,08 1,66

Reacted 53,48 6,30 13,33 24,84 0,29 0,40 0,38 0,09 0,89
CM-60 Non 

reacted
88,62 0,95 4,79 3,41 0,46 0,19 0,06 1,52

Reacted 52,26 7,19 20,74 15,18 0,49 0,72 0,72 0,23 1,31 0,44 0,71
CM-120 Non 

reacted
63,52 1,09 21,82 11,60 0,30 0,22 0,35 1,10

CM-240 Reacted 19,66 11,66 11,42 36,10 0,89 4,44 4,38 1,55 4,71 4,30 0,89

Table S2. SEM-EDX elemental analyses data table (% at)
Elements (% at)

Sample Area Si Cu C O Al Cl Fe Cr Zn Zr Sn
Reacted 55,81 0,13 35,82 7,44 0,27 0,16 0,12 0,25

CM-20 Non 
reacted

67,82 0,08 28,96 2,48 0,28 0,03 0,03 0,33

Reacted 40,48 2,11 23,59 33,01 0,23 0,24 0,14 0,03 0,16
CM-60 Non 

reacted
82,63 0,39 10,45 5,58 0,45 0,14 0,03 0,34

Reacted 39,29 2,39 36,46 20,03 0,38 0,43 0,27 0,09 0,42 0,10 0,13
CM-120 Non 

reacted
46,62 0,35 37,45 14,95 0,23 0,13 0,08 0,19

CM-240 Reacted 15,61 4,09 21,20 50,33 0,74 2,79 1,75 0,67 1,61 1,05 0,17
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2. XPS elemental analyses
Table S3. Concentrations of elements on the surface of the studied samples (atom. %), calculated from the survey XPS spectra.

Elements, at%
Spent mass

C O Si Cu Zn Sn Fe Cl N

CM-20 34.2 33.0 26.9 0.3 1.7 0.3 0.4 3.2

CM-60 32.6 28.5 34.7 0.2 0.5 0.1 0.4 2.5 0.5

CM-120 36.0 33.5 27.1 0.4 0.7 0.2 0.5 1.5 0.4

CM-240 46.0 31.6 17.5 0.3 1.2 0.1 0.8 2.5

Table S4. Concentrations of elements on the surface of the studied samples (atom. %), Calculated from the high-resolution XPS spectra.
Elements, at%

Spent mass
C O Si Cu Zn Sn Cl

CM-20 55,0 34,0 30,0 0,3 1,5 0,3 3,4

CM-60 32,5 26,9 38,0 0,2 0,5 0,1 1,9

CM-120 36,2 31,3 29,7 0,4 0,6 0,2 1,8

CM-240 45,8 29,9 20,2 0,3 1,1 0,1 2,7
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3. Spectra and other additional information

3.1. SEM-EDX – images and spectra

Figure S2. CM-20 reacted area.

CM-20 react
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Figure S3. CM-20 non reacted area.

CM-20-non react 

react
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Figure S4. CM-60 reacted area.

CM-60 react
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Figure S5. CM-60 non reacted area.

CM-60 non react
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Figure S6. CM-120 reacted area.

CM-120 react



17

Figure S7. CM-120 non reacted area.

 

CM-120 non react

CM-20 react

CM-20-non react 

react
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Figure S8. CM-240.

CM-240
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3.2. PXRD – data

Figure S9. PXRD data of contact mass samples after reaction Si + MeOH (20% CuCl), acceleration 19 g, Т = 100 оС, 300 min.
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3.3. XPS – spectra, tables and description
Figure S10 shows the Si 2p photoelectron spectra of the studied samples. The surface charge was taken into account by the Si 2p3/2 peak of Si0 state with 
a binding energy of 99.34 eV.1 When fitting the Si 2p spectra with Gaussian peaks, we took into account the dependence of the chemical shift and peak 
width on the charge state of silicon atoms.3–5 For the Si0 Si 2p3/2 to Si 2p1/2 branching ratio was 2:1, and Si 2p1/2 - Si 2p3/2 spin-orbit splitting was 0.605 
eV. The characteristics of the photoelectron peaks are given in Table S5.
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Figure S10. The Si 2p high resolution photoelectron spectra of the contact masses.
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Table S5. Parameters of components in the Si 2p photoelectron spectra of the studied samples: Eb – binding energy (eV), W – Gaussian peak width 
(eV), and Irel – relative intensity.

Si0, 2p3/2 Si0, 2p1/2 Si+ Si2+ Si3+ Si4+

I II III IV V VI
Еb 99.34 99.945 100.47 - 102.78 103.62
W 0.75 0.76 1.1 - 1.58 1.83CM-20
Irel 0.34 0.17 0.03 - 0.07 0.39
Еb 99.34 99.945 100.44 - 102.73 103.83
W 0.75 0.76 1.10 - 1.58 1.99CM-60
Irel 0.44 0.22 0.05 - 0.02 0.26
Еb 99.34 99.945 100.44 - 102.73 103.83
W 0.82 0.82 1.17 - 1.58 1.94CM-120
Irel 0.25 0.13 0.09 - 0.21 0.33
Еb 99.34 99.945 100.43 101.53 102.62 103.72
W 1.05 1.05 1.20 1.4 1.58 1.74CM-240
Irel 0.11 0.06 0.03 0.11 0.43 0.27

The high resolution C 1s spectra are presented in Figure S11 and their characteristics are presented in Table S6.
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Figure S11. The C 1s photoelectron spectra of the contact masses.
It should be noted that when taking into account the surface charging by the Si0 state, the binding energies given for the C-C/C-H groups differ markedly 
from the value of 284.8 eV, most often used for this purpose.6–8 The most likely reason for this phenomenon may be the manifestation of differential 
charging. This means that between the C-C/C-H groups and the silicon atoms in the Si0 state there are areas that prevent the equalization of charges in 
them formed during the process of photoelectron emission.
In other words, these areas can acquire a charge similar to that formed in areas containing silicon atoms in the Si0 state or in areas containing C-C/C-H 
groups. When taking into account corrections of the binding energies of photoelectron peaks based on the C-C/C-H group, slightly different binding 
energies were obtained, which are given in the row designated Eb (C) (Table S6). In this case, binding energies lower than 284.8 eV can be attributed to 
C=C bonds, low molar mass fragments that do not contain C-O bonds, and metal-carbon (M-C) bonds.6,9
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Table S6. Parameters of components in the C 1s photoelectron spectra of the studied samples: Eb – binding energy (eV), W – Gaussian peak width 
(eV), and Irel – relative intensity.

Sample Group C-C/C-H/M-C C=C C-C/C-H C-O-C C=O/O-C-O C(O)O
Eb (Si) 284.65 285.35 286.59 287.59 289.65
Eb (C) 284.1 284.8 286.04 287.04 289.1

W 1.25 1.2 1.2 1.14 1.33CM-20

Irel 0.09 0.62 0.13 0.12 0.03
Eb (Si) 284.4 285.6 286.6 287.7 289.62
Eb (C) 283.6 284.8 285.8 286.9 288.82

W 1.2 1.2 1.2 1.2 1.4CM-60

Irel 0.15 0.52 0.15 0.13 0.04
Eb (Si) 283.56 284.64 285.42 286.46 287.64 289.73
Eb (C) 282.94 284.02 284.8 285.84 287.02 289.11

W 1.25 1.25 1.25 1.24 1.24 1.19CM-120

Irel 0.02 0.18 0.57 0.11 0.1 0.02
Eb (Si) 283.56 284.64 285.42 286.46 287.45 289.6
Eb (C) 282.94 284.02 284.8 285.84 286.83 288.98

W 1.25 1.25 1.2 1.2 1.21 1.3CM-240

Irel 0.03 0.19 0.55 0.09 0.11 0.04

The Sn 3d5/2 photoelectron spectra are described by three peaks at ~485.6, 487 and 488 eV. More precise values and other characteristics of the spectra 
are given in Table S7. It should be noted that an analysis of the literature data showed that the binding energies of the Sn 3d5/2 peak for possible compounds 
and combinations of interatomic bonds that could be formed in the analyzed samples are in the range of 484.9 – 487.1 eV, while the maximum binding 
energy, given in Table S7 is 488.29 eV. The most likely reason for this phenomenon may be the above-mentioned manifestation of differential charging.

In other words, these areas can acquire a charge similar to the charge formed either in areas with silicon atoms in the Si0 state or in areas containing C-
C/C-H groups. Taking into account surface charging based on the C-C/C-H group, binding energies (given in the line designated Eb (C)) were obtained 
that were close to the published data and which can be attributed to the Sn0, Sn2+/Sn3+ and Sn4+ states.1,10–19 This means that the regions of the samples 
containing tin as well as most of the carbon atoms are isolated from the regions containing silicon.
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Figure S12. The Sn 3d photoelectron spectra of the contact masses.
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Table S7. Parameters of components in the Sn 3d photoelectron spectra of the studied samples: Eb – binding energy (eV), W – Gaussian peak width 
(eV), and Irel – relative intensity.

Sn 3d5/2
Sample State Sn0 Sn2+ /Sn3+ Sn4+

Eb (Si) 485.58 487.33 488.29
Eb (C) 485.03 486.78 487.74

W 1.2 1.2 1.4CM-20

Irel 0.16 0.18 0.65
Eb (Si) 485.62 487.33 488.38
Eb (C) 484.82 486.53 487.58

W 1.2 1.2 1.4CM-60

Irel 0.34 0.25 0.41
Eb (C) 485.61 486.86 487.98
Eb (C) 484.99 486.24 487.36

W 1.19 1.2 1.4CM-120

Irel 0.44 0.2 0.36
Eb (Si) 485.6 486.84 487.97
Eb (C) 484.98 486.22 487.35

W 1.2 1.2 1.4CM-240

Irel 0.47 0.22 0.31

In the high-energy region of the Si 2p and C 1s photoelectron spectra of Sn/SiOC composites prepared by the sol–gel method with phenyltriethoxysilane 
and SnCl2·2H2O as precursors, the extended “tails” are observed, which indicate the manifestation of differential charging as well.20

The Cu 2p photoelectron spectra (Figure S13) are described by two spin-orbit doublets with an interval of about 2.3 eV, the characteristics of which are 
given in Table S8. The spectra do not contain satellites separated from the main peaks by ~10 – 12 eV, which indicates the absence of the Cu2+ state. 
According to the literature data, the chemical shift for the Cu+ state in the Cu 2p3/2  spectra of Сu2O и СuCl is in the range (+0.1) – (-0.6) eV 8,21–24, which 
is significantly less than that observed for the samples under study. It should also be noted that the binding energies of the Cu 2p3/2 peaks given in Table 
S8 exceed the values characteristic of the Сu+ and Сu0 states 1,7,8,11,21–24 by approximately 0.6 eV, the value close to that used for correction the C 1s and 
Sn 3d spectra.
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When using the C-C/C-H group for the charge reference by assigning it a binding energy of 284.8 eV 6–8, the binding energy of the main peaks in the Cu 
2p3/2  spectra of samples CM-20, CM-60, CM-120 and CM-240 are moved to 932.6, 932.4, 932.5, and 932.5 eV, corresponding to the Cu+ state. The 
peaks at higher binding energies should be attributed to the Cu0 state. From this we can conclude that the regions of the samples containing copper are 
surrounded by carbon atoms not associated with oxygen atoms, while silicon atoms are mainly surrounded by either silicon atoms (Si0 state) or oxygen 
atoms (Si+, Si2+, Si3+ and Si4+ states). This also indicates that the samples under study at least contain two regions that differ in electrical conductivity, 
which leads to the manifestation of differential charging in the photoelectron spectra.25–29

The detection of the Cu0 state indicates the presence of particles in which pure copper is surrounded by a non-conducting shell that practically does not 
interact with copper atoms, but prevents its oxidation. The most probable variant of such a shell can be low-molecular hydrocarbon fragments found in 
the C 1s spectra.
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Figure S13. The Cu 2p photoelectron spectra of the contact masses.

Another possible, but unlikely reason for the presence in the Cu 2p spectra of a peak separated from the main peak by ~2.3 eV may be the appearance of 
the Cu3+ state with a characteristic chemical shift of 2.1 eV.30
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Table S8. Parameters of components in the Cu 2p and Zn 2p photoelectron spectra of the studied samples: Eb – binding energy (eV), W – Gaussian 
peak width (eV), and Irel – relative intensity.

Cu Zn
Cu 2p 3/2 Cu 2p 1/2 Zn 2p 3/2 Zn 2p 1/2

Sample State I II I II I II III I II III
Eb 933.15 934.50 953.05 954.50 1022.7 1023.87 1025.11 1045.72 1046.98 1048.11

Eb (C) 932.6 933.95 952.5 953.95 1022.15 1023.32 1024.56 1045.17 1046.43 1047.56
W 1.3 1.5 1.5 1.6 1.38 1.3 1.3 1.5 1.35 1.5CM-20

Irel 0.60 0.07 0.30 0.03 0.09 0.50 0.07 0.05 0.25 0.03
Eb 933.23 934.6 953.0 954.9 1022.4 1023.63 1024.9 1045.5 1046.65 1047.0

Eb (C) 932.43 933.8 952.2 954.1 1021.6 1022.83 1024.1 1044.7 1045.85 1046.2
W 1.45 1.6 1.6 1.7 1.38 1.38 1.38 1.5 1.5 1.5CM-60 

Irel 0.61 0.06 0.30 0.03 0.08 0.49 0.10 0.04 0.24 0.05
Eb 933.10 934.50 952.86 954.50 1022.2 1023.3 1024.44 1045.2 1046.39 1047.49

Eb (C) 932.48 933.88 952.24 953.88 1021.58 1022.68 1023.82 1044.58 1045.77 1046.87
W 1.35 1.5 1.5 1.6 1.38 1.38 1.38 1.5 1.5 1.5CM-120

Irel 0.62 0.07 0.28 0.03 0.08 0.49 0.10 0.04 0.24 0.05
Eb 933.08 934.4 952.88 954.4 1022.3 1023.46 1024.71 1045.5 1046.54 1047.71

Eb (C) 932.46 933.78 952.26 953.78 1021.68 1022.84 1024.09 1044.88 1045.92 1047.09
W 1.16 1.4 1.4 1.6 1.38 1.38 1.38 1.5 1.48 1.5CM-240

Irel 0.62 0.08 0.27 0.04 0.07 0.53 0.07 0.04 0.26 0.03

In contrast to the Cu 2p spectra, the Zn 2p spectra are described by three spin-orbit doublets (Figure S14), the characteristics of which are given in Table 
S8. According to the literature data, the binding energies of the Zn 2p3/2 peak and the values of the spin-orbit splitting Zn 2p1/2 - Zn 2p3/2 weakly depend 
on the chemical environment.1,10,37–45,12,22,31–36 
Therefore, the interpretation of the Zn 2p spectra is similar to that of the Cu 2p spectra, that is, the detection of three states in the spectra is due not to 
chemical interactions, but to differential charging. However, due to the large number of possible options, at this stage, a reliable determination of the 
immediate environment of zinc atoms is not possible. One can only assert the presence of a non-conducting shell of C-C/C-H groups.

The manifestation of differential charging was discovered by Hong et al.36 - for a sample containing, according to X-ray diffraction data, ZnO, Zn2SiO4, 
SiO2, other salts and carbon activated from sawdust; the maximum binding energies for the Zn 2p3/2 and Zn 2p1/2 peaks are given to our knowledge related 
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to oxides, equal to 1024.7 and 1047.8 eV. In our opinion, such a noticeable difference indicates differential charging caused by the formation of shells 
with low electrical conductivity around Zn containing species.
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Figure S14. The Zn 2p photoelectron spectra of the contact masses.
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Figure S15. The Cu 2p photoelectron spectra of the contact masses measured at the beginning (curve “initial”) and at the end (curve “end”) of 
recording, and the spectrum of CuO (curve “CuO”).

Considering the possibility of copper reduction under the X-ray radiation, the Cu 2p spectra were recorded at the beginning and end of the experiment 
and compared with those of CuO (Figure S15). To reduce the degree of influence, the measurement of spectra began with the Cu 2p spectrum. The 
presented spectra show the coincidence of the spectral line shapes, taking into account some change in the background, caused mainly by a change in the 
coefficient of secondary electron emission, and, accordingly, the preservation of the initial state of copper atoms, while the absence of satellites in the 
range of 938 – 940 eV indicates the absence of Cu2+ states.
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3.4. NMR
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Figure S16. 1H NMR spectrum for liquid products of direct methylmethoxysilanes synthesis.
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Figure S17. Expanded 1H NMR spectrum for liquid products of direct methylmethoxysilanes synthesis.
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Figure S18. 13C NMR spectrum for liquid products of direct methylmethoxysilanes synthesis.
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Figure S19. Expanded 13C NMR spectrum for liquid products of direct methylmethoxysilanes synthesis.
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Figure S20. 29Si NMR spectrum for liquid products of direct methylmethoxysilanes synthesis (absence of Q-units).
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Figure S21. 29Si NMR spectrum for liquid products of direct methylmethoxysilanes synthesis.
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Figure S22. Expanded 29Si NMR spectrum (made with adding of relaxation agent) for liquid products of direct methylmethoxysilanes synthesis.
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Figure S23. 1H-29Si HMBS NMR spectrum for direct methylmethoxysilanes synthesis.
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Figure S24. 29Si NMR spectrum for high boiling products of direct methylmethoxysilanes synthesis.
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3.5. GC-MS analysis

Figure S25. GC-MS analysis of products mixture after the synthesis with dimethyl ether in decane.
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Figure S26. GC-MS analysis of products mixture after the synthesis with dimethyl ether in diethyl ether.
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3.6. GC

Figure S27. GC chromatogram of CM-240 synthesis.
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Figure S28. Result of chlorine-free synthesis with Cu as a source of copper (products were characterized with GC-MS).
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3.7. GPC

Figure S29. GPC data for high boiling products mixture (toluene, 75 kDa column).
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3.8. FTIR

Figure S30. IR spectrum of liquid products mixture.
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Figure S31. Gas phase FTIR spectroscopy of gaseous products mixture and DME used.
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