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The experiment operation process is shown in Figure S1. Firstly, we conducted the solu-

tion plasma discharge in the specific precursors under the bipolar power source. Then we 

collected the carbon by using vacuum filtration. Next step was dry the carbon products 

by using oven. Finally, the properties of carbon could be obtained by applying Raman, 

XRD, XPS and SEM. 

 

 
Figure S1. schematic illustration of solution plasma process experiment, including solu-

tion plasma, filtration cleaning, separation drying and characterization of carbon prod-

ucts. 

 

 
Figure S2. The electric field strength compared with or without Langmuir probe system. 
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The following three dimensionless parameters are key to determine the plasma sheath 

thickness and to apply the relevant computational model, including the electric Reynolds 

numbers (Re), Debye ratio (ω), and a probe bias voltage (χ). 
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vf is bulk plasma flowing velocity, µi is ions particles mobility, vp is Langmuir probe DC 

bias voltage. It was found that the calculated criterion of the sheath convection mode in a 

wide range of operation conditions of solution plasma satisfied the following relation-

ships: 
2 2 1eR  , 

2 1eR   and 1 . 

The ion current detected by the probe in this case comes from the coupled effect of the ion 

acceleration mechanism inside the sheath and direct convection. The plasma density (Ne) 

and plasma electron temperature (Te) were calculated from the following equations ac-

cording to the ion saturation current 
isatI . and the following formular:  
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Figure S3. Temperature structure characteristics of the negative polar discharge plasma 

in four solutions of (a) benzene, (b) toluene, (c) phenol, (d) aniline mapping. 
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Table S1 Bulk and surface elemental composition of products from benzene, toluene, phe-

nol and aniline obtained from XPS measurement; Nitrogen bonding composition of prod-

uct from aniline. 

Precursor 
XPS (at%)  Nitrogen bonding composition (%) 

C N O  Npyridinic Npyrrolic Nquaternary 

Benzene 92.12 - 7.88  - - - 

Toluene 84.1 - 15.89  - - - 

Phenol 80.95 - 19.05  - - - 

Aniline 88.78 3.53 7.69  9.94 73.73 16.32 

 

 
Figure S4. Variation of electron temperature with relative electronegativity (C=2.55, 

N=3.04, O=3.44 / C=2.55)) at different interfaces of solution plasma. 

 

 
Figure S5. SEM images carbon products of (a) benzene, (b) toluene, (c) aniline, (d) phenol. 

 


