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Table S1. Kinetic reactions cited in the text are summarized in this table. Index represent the 

reaction number in the text. Rate coefficient k of the reactions are at 298 K or otherwise stated. 

Kinetic data are taken from NIST kinetic database1 when available, from plasma chemistry 

published reactivity, or from JPL database2 otherwise. The order of the reaction is generally 

bimolecular (noted 2) or termolecular (noted 3). In that case reaction rates are calculated for a 

pressure of 0.46 bar.

Index Reaction rate k
(cm3 s-1

 or cm6 s-1)
ord. Ref.

Plasma initial reactions

3 N2* + O2  →  2 O + N2 Function of the nitrogen 
excited state
[210-12 to 310-10]

2 3,4

O(1D) + N2  →  O(3P) + N2 2.610-11 2 3

O(1D) + O2  →  O(3P) + O2 4.010-11 2 2

6 N2* + O  →  NO + N 7.010-12 2 3,4

7 N + O  →  NO 1.0210-32 3 3,4

8 O + O2  →  O3 6.110-34 3 2–4

O + NO  →  NO2 9.110-32 3 2

26 H + O  →  OH 7.710-31 3 5

S18 H + O2  →  HO2 5.310-32 3 2

VOC degradation reactions

9
9a
9b

N2* + CH3COCH3  →  products
N2* + CH3COCH3  →  CH3

• + CH3CO• + N2  †
N2* + CH3COCH3  →  H• + •CH2COCH3 + N2

~5.510-11 2
2
2

6,7

22 N2* + HCN  →  H + CN + N2 4.410-12 2 7

23
23a
23b

N2* + CH3CN  →  products
N2* + CH3CN  →  CH3 + CN + N2  
N2* + CH3CN  →  H + CH2CN

3.910-12

9.110-12

2
2
2

7

27
S25

N2* + CH2O  → products + N2
N2* + CH2O  →  H + HCO + N2

5.010-10

2.510-10
2 6

35 N2* + CH2CO → products + N2 6.510-10 2 7

36 N2* + CH3CHO → products + N2 4.210-11 2 8

11 O + CH3COCH3  →  CH3COCH2 + OH * 7.510-16 2 1,9 

* Predominant reaction pathway 
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O + HCN  →  products
O + HCN  →  NCO + H

1.510-17 2 2

O + CH3CN  →  products 3.110-15 [321 K] 2 10

O + C2H5CN  →  products 1.010-14  [354 K] 2 10

4 O + C2H6  →  OH + C2H5 3.910-18 2 1

S26
O + CH2O  →  products
O + CH2O  →  OH + HCO

1.610-13 2 2

33/S28
S2

O + CH2CO  →  products
O + CH2CO  →  HCO + HCO
O + CH2CO  →  CH2O + CO

3.810-13 2 1

33 O + CH3CHO  →  OH + CH3CO 4.510-13 2 2

O + HONO  →  OH + NO2 9.110-16 2 11

OH + CH3COCH3  →  products
OH + CH3COCH3  →  CH3COCH2 + H2O †

2.210-13 2 1
2

OH + HCN  →  products 3.110-14 2 2

OH + CH3CN  →  products 2.310-14  2 2

OH + C2H5CN  →  products 1.810-14  2 12

5 OH + C2H6  →  H2O + C2H5 2.510-13 2 1,2

S27 OH + CH2O  →  H2O + HCO  † 1.010-11 2 1

OH + CH3OH  →  products 9.110-13 2 2

34/S4/S2
9

OH + CH2CO  →  products
OH + CH2CO  →  HCO + CH2O
OH + CH2CO  →  CO + CH2OH

1.710-11

    50% 
    50% 

2 1

34 OH + CH3CHO  →  H2O + CH3CO 1.610-11 † 2 1,2

OH + CH3ONO2  →  products 2.810-14 2 2

Intermediate reactions

21 N + CH2  →  CN + H2 1.610-11 2 14–16

12a
12b

N + CH3  →  products
N + CH3  →  HCN + H2
N + CH3  →  H2CN + H †

9.510-11 2 1,17,18

18
N + C2H3  →  products
N + C2H3  →  CH3CN
N + C2H3  →  C2H2 + NH 

7.710-11 
    4%
   16%

2 19

13 N + H2CN  →  HCN + NH ~510-11 2 1

17 N + HCO  →  HCN + O 5.810-12 2  

† predominant reaction pathway with a yield of 93±18%13
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14 H + H2CN  →  HCN + H2 510-10 2 17,18

16/S24
29

H + CH3CO  →  products
H + CH3CO  →  CH3 + HCO
H + CH3CO  →  CH2CO + H2

5.510-11

    65%
    35%

2 1

S9 H + CH3O2  →  OH + CH3O 1.610-10 2 1

S1 O + CH3  →  CH2O + H  † 1.410-10 2 1

30/S3 O + CH3CO  →  CH2CO + OH 6.410-11 2

S11 O + CH3O2  →  CH3O + O2 6.010-11 2 1

S5 O2 + CH3  →  CH3O2 4.310-31 3 1,2

47 O2 + CN  →  NCO + O 2.410-11 2 1,20

O2 + HCO  →  CO + HO2 5.210-12 2 2

S7 O2 + CH3CO  →  CH3C(O)O2 5.010-12 2 1

48 OH + CN →  NCO + H˙ 7.010-11 2 1

25/S19 OH + CH3  →  CH3OH 9,510-30 3 1

39 OH + NO  →  HONO 7.110-32 3 2

S20 OH + CH3O2  →  CH3OH + O2 110-10 2 1

40 HO2 + NO  →  HNO3 1.510-31 3

S17
S21

HO2 + CH3O  →  CH2O + H2O2
HO2 + CH3O  →  CH3OH + O2 

5.010-13

1.810-11
2
2

1
1

44 NO + CH3  →  CH3NO 4.010-11 3 1

42 NO + CH3O  →  CH3ONO 2.310-29 3 1,2

43 NO + CH2=C(O)CH3  →  C3H5ONO 3.110-11 2 21

41a
41b

NO2 + CH3  →  CH3NO2  
NO2 + CH3  → CH3ONO
NO2 + CH3  → CH3O + NO

3.410-11

10-13

2.310-11

3
3
2

1
1
22

45
NO2 + CH3O  →  CH2O + HONO
NO2 + CH3O  →  CH3ONO2  

2.010-13

5.510-29
2
3

2 
1,2

19 CN + CH3CN  →  HCN + CH2CN 1.210-12 2 1

15 H2CN + H2CN  →  HCN + CH2NH 3.8510-12 2 1

20 CH3 + CH2CN  →  C2H5CN unknown 2 15

46
CH3 + NCO  →  products  
CH3 + NCO  →  CH3NCO  †

(2.1 ± 0.8) 10-10

Dominant
2 23

31
CH3 + HCO  →  products
CH3 + HCO  →  CH3CHO
CH3 + HCO  →  CH4 + CO

2.310-10

13%
12%

2 1

S14 CH3 + CH3O  →  CH2O + CH4 4.010-11 2 1
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S10 CH3 +  CH3O2  →  CH3O + CH3O 4.010-11 2 1

38 CH3 + COOCH3  → CH3C(O)OCH3 5.010-11 2 24

45 HCO + NCO → HNCO + CO 6.010-11 2 1

24 HCO + HCO → CH2O + CO 5.010-11 2 1

S22 HCO + CH3O  →  CH3OH + CO 1.510-10 1

32 HCO + CH3CO  →  CO + CH3CHO 1.510-11 1

37 CH2OH + CH3CO  →  CH3C(O)CH2OH 25

S15 CH3O + CH3O  →  CH2O + CH3OH 1.010-10 1

28a/S16
28b/S23

CH3O + CH3CO  →  CH2O + CH3CHO
CH3O + CH3CO  →  CH3OH + CH2CO

1.010-11

1.010-11
1
1

S6
S12

CH3O2 + CH3O2  →  CH2O + CH3OH + O2
CH3O2 + CH3O2  →  CH3O + CH3O + O2

1.2510-13

1.2510-13
1
1

S13 CH3O2 + CH3CO  →  CH3 + CH3O +  CO2 4.010-11 1

S8
CH3O2 + CH3C(O)O2  →  products
CH3O2 + CH3C(O)O2  →  CH2O + CH3COOH + O2 
CH3O2 + CH3C(O)O2  →  CH3O + CH3CO2 + O2

1.810-12

50%
1
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Table S2. Kinetic parameters of proton transfer from H3O+ used for the identified molecules. 

Polarizability (in 10-24 cm3), dipole moment (in D) and proton affinity (PA) (in kJ mol-1) are from 

NIST database26. The kinetic rate coefficient kM is obtained from the literature (see last column 

for references) and is given in 10-9 cm3 s-1. The capture rate coefficient kC is calculated knowing 

the polarizability and the dipole moment according to Su and Chesnavich27. Branching ratios are 

obtained from the references or otherwise stated.

Name Formula Polaris
ability#

Dipole 
moment

PA Ions branching 
ratio

kM [kC] Ref kM

acetone C3H6O 6.270 2.88 812 C3H7O+ 100% 3.9[3.9] 28,29

hydrogen 
cyanide

HCN 2.593 2.98 713 CH2N+ 100% 3.5[4.2] 30,31

acetonitrile CH3CN 4.280 3.92 779 C2H4N+ 100% 4.9[5.1] 30,31

methanol CH3OH 3.210 1.7 754 CH5O+ 100% 2.7[2.7] 32

formaldehyde CH2O 2.770 2.33 713 CH3O+ 100% 3.4[3.4] 29,33

acetaldehyde C2H4O 4.278 2.69 768 C2H5O+ 100% 3.6[3.7] 28,29

ketene C2H2O 4.4 1.42 825 C2H3O+ 100% 2.0[2.4] 33

nitrous acid HONO H2NO2
+

NO+
63% *
37%

     [2.6] 34,35

methyl nitrite CH3ONO 4.51 2.05 799      [2.9]

nitromethane CH3NO2 4.80 3.4636 755 CH4NO2
+ 100% 4.1 [4.4] 33

nitric acid HNO3 751 H2NO3
+ 100% 1.6 [2.4] 37

methyl nitrate CH3ONO2 5.5 3.081 CH4NO3
+

CH3OH+
76% *
24%

     [3.9]

Isocyanic acid HNCO 3.2 2.1638 753 CH2NO+ 100%      [2.9]
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methyl 
isocyanate

CH3NCO 4.97 3.0338 764 C2H4NO+ 100%  [3.9]

# calculated from Miller and Savchik39

* from this study
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Table S3. List of observed ions (except precursor ions and isotopes) after 620 discharges for 

500 ppm of acetone in a N2/O2 mix with various oxygen content. Species present all for at least 

one oxygen content concentration above 0.05%. 

relative signal (in %) for 
different O2 amount

Ion Neutral 
species

exact mass 
of the ion 
(Da)

measure
d mass 
(Da)*

delta 
mass δm 
(mDa) 0% 1% 2% 3% 5%

CHN.H+ HCN 28.0182 28.0241 5.9 6.08 2.94 2.09 1.45 1.00

NO+ fragment 
HONO 29.9980 30.0030 5.0 n.d.# 0.24 0.34 0.38 0.45

CH2O.H+ CH2O 31.0178 31.0228 5.0 0.11 1.12 1.46 1.75 1.69

CH4O.H+ CH3OH 33.0335 33.0399 6.4 0.05 0.19 0.18 0.17 0.13

C3H4.H+ fragment        
C3H6 or C3H4

41.0386 41.0422 3.6 0.01 0.08 0.09 0.10 0.11

C2H3N.H+ H3CCN 42.0338 42.0400 6.2 1.10 0.64 0.50 0.37 0.27

C2H2O.H+ CH2CO 43.0178 43.0211 3.3 0.02 0.09 0.11 0.12 0.12

CHNO.H+ HNCO 44.0131 44.0169 3.8 0.04 0.17 0.14 0.12 0.08

C2H4O.H+ CH2CHO 45.0335 45.0372 3.7 0.07 0.13 0.13 0.13 0.12

CH2O2.H+ HCOOH 47.0128 47.0154 2.6 0.02 0.05 0.06 0.06 0.06

HNO2.H+ HONO 48.0080 48.0101 2.1 0.01 0.35 0.53 0.60 0.72

C3H5N.H+ CH3CH2CN 56.0495 56.0515 2.0 0.17 0.10 0.08 0.07 0.04

C2H3NO.H+ CH2CHNO 58.0287 58.0273 -1.4 0.04 0.06 0.05 0.04 0.02

C3H6O.H+ acetone 59.0491 59.0491 0.0 3.09 11.46 13.75 16.69 17.55

CH3NO2.H+ CH3NO2 62.0237 62.0208 -2.8 0.02 0.24 0.27 0.30 0.30
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CH3NO3.H+ CH3ONO2 78.0186 78.0069 -11.7 0.01 0.04 0.05 0.06 0.07

C3H5NO2.H+ C3H5NO2 88.0393 88.0188 -20.5 n.d. 0.03 0.05 0.07 0.09

* the measured mass is taken for the experiment which presents the highest amount.

# not detected
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Figure S1. Ion fragments for HONO (a and c) and CH3NO3 (b and d) protonation. The signals are 

taken from experiments at 3% and 5% oxygen so that height precision is correct.

Above: comparison of the relative ion signal for ion fragments (a) H2NO2
+ versus NO+ for HONO 

and (b) CH4NO3
+ and CH4NO2

+ versus CH4O+ for CH3NO3. Linearity of the signals over all 

discharge numbers is characteristic of ions arising from a fragmentation of the same species. In 

(b), CH4NO2
+ and CH4O+ are then not related by a direct fragmentation process.

Below: branching ratio for (c) HONO protonation and (d) from CH3NO3 protonation calculated 

from comparison of sum of the signal of fragment ions towards signal of fragment ions.
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Figure S2. Evolution of the averaged concentrations of the sum of ketene and acetaldehyde 

compared to acetone concentration.

Ketene and acetaldehyde are supposed to be due to the same radical precursor CH3CO. The 

behavior of the combined ketene+acetaldehyde is equivalent whatever oxygen concentration and 

only depends on acetone concentration.
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Annex 1. Main kinetic processes involved in the production of formaldehyde (CH2O) and 

methanol (CH3OH), specific to mixtures containing oxygen, are described here, based on the 

exiting literature1. See also reactions (19)-(24) in the main text.

Kinetic processes for the production of formaldehyde

The main direct reaction for the production of CH2O is:

O + CH3  →  CH2O + H (S1)

But several indirect paths should be also considered:

O + CH2CO  →  CH2O + CO (S2)

O + CH3CO  →  OH + CH2CO (S3)

which is a source of the hydroxyl radical, followed by:

OH + CH2CO  →  HCO + CH2O (S4)

Most importantly at atmospheric pressure, the methyl group add to oxygen to form the methyl 

peroxyl:

O2 + CH3 + N2  →  CH3O2 + N2 (S5)

followed by:

CH3O2 + CH3O2  →  CH2O + CH3OH + O2 (S6)

Also important is the formation of the radical CH3C(O)O2:

O2 + CH3CO + N2  →  CH3C(O)O2 + N2 (S7)

followed by:

CH3O2 + CH3C(O)O2  →  CH2O + CH3COOH + O2 (S8)

Other routes concern the methoxy radical, CH3O, produced by several reactions:

H + CH3O2  →  OH + CH3O (S9)

CH3 + CH3O2  →  CH3O + CH3O (S10)

13



O + CH3O2  →  CH3O + O2 (S11)

CH3O2 + CH3O2  →  CH3O + CH3O + O2 (S12)

CH3O2 + CH3CO  →  CH3 + CH3O  + CO2 (S13)

which is followed by:

CH3 + CH3O  →  CH2O + CH4 (S14)

CH3O + CH3O  →  CH2O + CH3OH (S15)

CH3O + CH3CO  →  CH2O + CH3CHO (S16)

HO2 + CH3O  →  CH2O + H2O2 (S17)

where the hydroperoxyl radical is readily produced by the three-body process:

H + O2 + N2  →  HO2 + N2 (S18)

Kinetic processes for the production of methanol

Methanol is coming from (S6) and (S15), and more directly:

OH + CH3 + N2  →  CH3OH + N2 (S19)

In addition, the following reactions should be considered:

OH + CH3O2  →  CH3OH + O2 (S20)

HO2 + CH3O  →  CH3OH + O2 (S21)

HCO + CH3O  →  CH3OH + CO (S22)

CH3O + CH3CO  →  CH3OH + CH2CO (S23)

where the HCO radical can come from various reactions:

H + CH3CO  →  CH3 + HCO (S24)

N2* + CH2O  →  H + HCO + N2 (S25)

O + CH2O  →  OH + HCO (S26)

OH + CH2O  →  H2O + HCO (S27)
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O + CH2CO  →  HCO + HCO (S28)

OH + CH2CO  →  HCO + CH2O (S29)
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