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Figure S1. FTIR spectra for HMDSO before and after plasma treatment.
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Figure S2. Schematic of the reactor used for NPs production and plasma diagnostics.
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Figure S3. FTIR spectra of SiOC NPs generated in different plasma conditions. For all the
DC plasmas, the applied voltages and the distance between electrodes were kept at 9.2 kV
and 3mm, respectively, For RF He plasma, the applied power and the distance between
electrodes were kept at 90 W and 3mm, respectively.
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Figure S4. Representative TEM images of as-grown SiOC NPs synthesized by different
plasmas. DC Ar plasmas:(a, b) 6.1 kV and (c) 12.1 kV; DC He plasmas :(d) 6.1 kV and (e)
12.1 kV; RF He plasma:(f) 120 W. The distance between electrodes were 3 mm. Graphite-like

structure indicated by the red rectangles; crystalline SiC phases indicated by the green
rectangles.

S7



——DC Ar
——DC He
-0.05F —— RF He

Weight change (%)

) I | U T T U I
200 400 600 800 1000 1200

Temperature (°C)

Figure S5. TGA weight change curves for the SiOCs from different plasma conditions.

Table S1. SiOC production rate and energy efficiency under different plasma conditions.

Power Production Production rate Energy
Plasma conditions (W) Of 30s treatment (@/h) efficiency
(mg) (g/kWh)
6.1 kV 76 183 2.2 28.9
40.1
DC Ar, small gap 9.2kV 115 4.8 41.7
12.1kV 151 90.2 10.8 71.5
6.1 kV 61 92 1.1 18.0
25.8
DC He, small gap 9.2kV 92 3.1 33.7
12.1 kV 121 367 6.8 56.2
90 92 1.1 12.2
RF He, small gap
120 167 2.0 16.7

S8



Table S2. Atomic concentrations of Si, O and C on the surface of different prepared SiOC
samples.

Plasma conditions 2sltl o, Stl‘;) ;:tlf%
6.1 kV 41.7 18.8 39.5
DC Ar, small gap  9.2kV 42.6 17.8 39.6
12.1 kV 443 16.5 39.2
6.1 kV 433 19.3 37.4
DC Ar, large gap  9.2kV 41.7 19.2 39.0
12.1kV 44.9 17.0 38.1
6.1 kV 31.0 28.1 40.9
DC He, small gap 9.2 kV 32.0 27.1 40.9
12.1kV 30.3 26.0 43.7
6.1 kV 334 32.7 34.0
DC He, large gap 9.2 kV 30.0 27.7 423
12.1 kV 30.2 29.3 40.5
70 W 29.5 29.2 41.3
RF He, small gap 90 W 30.2 29.1 40.6
120 W 313 29.1 39.7

Plasma Gas Temperature

Two methods were used to determine gas temperature (T,) based on the OES techniques. First,
the presence of the continuum radiation in the DC plasma spectra (Figure 6a) can be used to
estimate the gas temperature. In Ar or He discharge, there are several possible sources of
continuum radiation. Among them, the excimer radiation appears because of Ar," and He,".
The resulting emission is generated in deep UV below 130 nm, which cannot be detected due
to the limited sensitivity of the detectors. Another source of the continuum emission is
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Bremsstrahlung radiation appearing due to electron-atom and electron-ion interaction.! As
shown in our previous work,> 3 the electron-ion Bremsstrahlung contribution can be neglected
due to very low intensity. Moreover, the electron-atom Bremsstrahlung emission should appear
in a range around 250-350 nm, depending on electron temperature and electron density. This
disagrees with the spectra observed in our experiments. Therefore, the Bremsstrahlung
radiation cannot explain the continuum emission visible in Figure 6. The only possible reason
for the continuum radiation is the black body radiation, a dominant source of radiation in many
thermal plasmas. Therefore, we choose a method from our previous work* to estimate gas

temperature based on an analysis of the blackbody radiation in accordance with Wien’s law:

2.89776 x 10° (nm x K)
Amax[nm] = Tg(K) (1)

where A,y corresponds to position of blackbody radiation maximum. Moreover, the strong
C, Swan band was also presented in the optical emission spectra, which offers another
method based on the partially resolved rovibrational structure of C, Swan band.’ It should be
pointed outpoint out that the rotational temperature of excited states is not always a good
indicator of the gas temperature. The rotational temperature can be different from T, even in
conditions of collision dominated plasmas. Our previous work showed that electron impact
processes could lead to no thermalization of the rotational states in the case of N, plasmas
and OH radical emission.® 7 The details of this problem have been reviewed in a recent
paper.® However, it should be noted that in for the C, Swan band the rotational-translation
transfer results in very fast thermalization of all states. Correspondingly, the C, Swan band is
one of the cases where rotational temperature can be considered equivalent to 7,.%-!! For
details of the methods and their applicability, we refer the readers to papers.'? I3 Due to the
complexity of the plasma forming process and technical capabilities of optical emission

spectroscopy, the emission has been collected from the whole volume of the discharge. It is
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challenging to obtain spatially resolved gas temperature measurements inside the bubbles in
the plasma/liquid interface. It is worth noting that DC discharge was possible to sustain in
Ar, He bubbles in short (3 mm) and long (6 mm) interelectrode gaps whereas RF discharge

was only possible to ignite and sustain in He gas bubbles in the short gap of 3 mm.
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