Cold Plasma Modeling for Air Pollution Control: NOx Removal in

Supporting Information Ms-ID: BCREC-2025-20560-R1

DOI: https:/doi.org/10.9767/bcrec.20560

Dielectric Barrier Discharge Reactors
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Tables S1 _S5 lists the significant reactions for Nitrogen, Oxygen, Argon and

their mixtures with their rate coefficients in (m®/s) and (m3/s) for three-body and

tow-body respectively

Table S1. Reaction set for Nitrogen with their Rate Coefficients

No Reaction Rate Coefficient (m¥/s), (m?/s) Ref
Electron Impact Reactions with Nitrogen

E1 e+Ns => N2+0.38N2(A3s) +0.38N2(B3p) +0.24N2(C3p) 2e-12%(0.026/Te) 0.5 [23]
E2 e+N3*=>Nz+N 2e-13*(0.026/Te) 0.5 [24]
E3 e+N2t=>1.143N+0.086N(p)+0.771N(d) 1.6e-13%(0.026/Te) 0.37 [24]
E4 e + No=> e+N2 Cross Section [25]
E5 e+ No=> e+N2 Cross Section [25]
E6 e+ No=> e+N2 Cross Section [25]
E7 e+ No=> e+N2 Cross Section [25]
ES8 e+ No=> e+N2 Cross Section [25]
E9 e+ No=> e+N2 Cross Section [25]
E10 e+ No=> e+N2 Cross Section [25]
E11 e+ No=> e+N2 Cross Section [25]
E12 e+ No=> e+N2 Cross Section [25]
E13 e+ No=> e+N2 Cross Section [25]
E14 e+ No=> e+N2 Cross Section [25]
E15 e+ No=> e+N2(A3s) Cross Section [25]
El6 e+ N2(A3s) => e+N2 Cross Section [25]
E17 e+ No=> e+N2(A3s) Cross Section [25]
E18 e+ No=> e+N2(B3p) Cross Section [25]
E19 e+ N2(B3p) => e+N>2 Cross Section [25]
E20 e+ No=> e+N3 Cross Section [25]
E21 e+ No=> e+N2(A3s) Cross Section [25]
E22 et No=> e+N> Cross Section [25]
E23 e+ N2=> e+Nz(als) Cross Section [25]
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E24 e+ Na(als) => e+N> Cross Section [25]
E25 et No=> e+0.88N2+0.12N+0.12N Cross Section [25]
E26 e+ No=> e+N2 Cross Section [25]
E27 e+ N2=> e+N32(C3p) Cross Section [25]
E28 e+ N2(C3p) => e+N2 Cross Section [25]
E29 et N2=> e+N2 Cross Section [25]
E30 et N2=> e+N2 Cross Section [25]
E31 e+ No=> e+0.7N+0.7N(d)+0.3N> Cross Section [25]
E32 et No=> ete+Ng* Cross Section [25]
E33 et No=> e+ et N+N+ Cross Section [25]
E34 e+ N2(A3s) => e+e+Na* Cross Section [26]
E35 e+ N2(B3p) => ete+Na* Cross Section [26]
E36 e+ N2(C3p) => et+e+Na+ Cross Section [26]
E37 e+ Nz(als) => et+e+Na* Cross Section [26]
E38 et N=>e+N Cross Section [25]
E39 e+ N=> e+N(d) Cross Section [25]
E40 e+ N(d)=> e+N Cross Section [25]
E41 e+ N=>e+N(p) Cross Section [25]
E42 e+ N(p)=> e+N Cross Section [25]
E43 et N=> e+e+N* Cross Section [25]
E44 e+ N(d)=> e+N(p) Cross Section [25]
E45 e+N(p)=>e+N(d) Cross Section [25]
E46 e+ N(d)=> et+e+N+ Cross Section [25]
E47 e+ N(p)=> etet+N+ Cross Section [25]
Nitrogen Reactions
N1 N2(A3s) + Na(als) => e+Ns* 5e-17 [23]
N2 N2(als) + Nz(als) => e+Ny* 2e-16 [23]
N3 Nz(als) + N(p) => e+Ns* le-17 [23]
N4 N(d)+ N(p) => e+N2* 1.92e-21%(T0.98)/(1-exp(-3129/T)) [27]
N5 N(p)+ N(p) => e+N2* 3e-21*(T0.98)/(1-exp(-3129/T))  [28]
N6 N*++ Nz+ N2=> N3++Ny 1.7e-41*(300/T)2.1 [24]
N7 N*+N+N2=>N2*+Ny 1e-41*(300/T) [24]
NS No++No+Ns=>N4++Ns 5.2e-41*(300/T)2.2 [24]
N9 N2t+N+Nz=>N3"+Ns 1.7e-41*(300/T)2.1 [24]
N10 N4t+Ng=>Nz*+N2+N2 2.1e-22%exp(T/121) [24]
N11 Nyt++N=>N++Nz+Nq le-17 [24]
N12 N3*+N=>Nz*+N3 6.6e-17 [24]
N13 Not+N=>N++Ny 7.2e-19*(T/300) [24]



N14 N++N=>Ny* 3.71e-24%(T/300)0.24*exp(- [24]
26.12/T)
N15 N2*+N2(A3s) =>N3*+N 3e-16 [24]
N16 N+N+N2=>0.31Nz2(A3s) +0.44N2(B3p) +1.25N2 8.26e-46%exp(490/T) [23]
N17 N2(A3s) +N2(A3s) =>N2(C3p) +N2 1.5e-16 [23]
N18 N2(A3s) +N2(A3s) =>N2(B3p) +N2 7.7e-17 [23]
N19 N2(A3s) +N2=>N2+N> 2e-24 [23]
N20 N2(B3p) +N2=>0.95N2(A3s) +1.05N2 3e-17 [23]
N21 N2(C3p) +N2=>N2(B3p) +N2 1.15e-17 [23]
N22 N2(C3p) +N2=>Nz(als) +Ngz le-17 [29]
N23 Nz(als) +N2=>N2(B3p) +N2 1.9e-19 [23]
N24 N2(A3s) +N=>Nz+N(p) 4e-17*(300/T)0.66 [23]
N25 N(p)+N2o=>N+Ng2 3e-22 [28]
N26 N(p)+N=>N(d)+N 1.8e-18 [27]
N27 N(d)+N2=>N+Nz2 le-19%exp(-510/T) [28]
N28 N+N+N=>0.31N2(A3s) +0.44N2(B3p) +0.25N2+N 3.35e-43*T-0.5 [23]
N29 N(p) +N+N2=>0.31N2(A3s) +0.44N2(B3p) +0.25N2  8.26e-46%exp(490/T) [23]
N30 Nd+N+N2=>0.31N2(A3s) +0.44N2(B3p) +0.25N2 8.26e-46%exp(490/T) [23]
N31 N4++N=>N3*+Ng le-15 [24]
N32 N(p)+N2=>N(d)+N2 1.8e-24 [28]
Table S2. Reaction set for Oxygen with their Rate Coefficients.
No Reaction Rate Coefficient (mb/s), (m3/s) Ref
Electron Impact Reactions with Oxygen
E1 e+02=>e+02 Cross Section [30]
E2 e+02=>0+0- Cross Section [30]
E3 et+02=>e+02 Cross Section [30]
E4 et+02=>e+02 Cross Section [30]
E5 et+02=>e+02 Cross Section [30]
E6 et+02=>e+02 Cross Section [30]
E7 e+02=>e+02 Cross Section [30]
ES8 e+02=>e+02 Cross Section [30]
E9 e+02=>e+02 Cross Section [30]
E10 e+02=>e+02(ald) Cross Section [30]
E11 et+02(ald) =>e+0s2 Cross Section [30]
E12 et+02=>e+02(b1s) Cross Section [30]
E13 e+02(b1s) =>e+0s2 Cross Section [30]
E14 et+02=>e+02(45) Cross Section [30]



E15 e+02(45) =>e+02 Cross Section [30]
E16 e+02=>e+0+0 Cross Section [30]
E17 e+02=>e+0+0(1d) Cross Section [30]
E18 e+02=>e+0+0(1s) Cross Section [30]
E19 etQ2=>e+e+0sz* Cross Section [30]
E20 e+02=>e+e+0+0+ Cross Section [30]
E21 e+02(ald) =>e+0+0 Cross Section [30]
E22 e+02(ald) =>2e+02* Cross Section [30]
E23 e+02(bls) =>e+0+0 Cross Section [30]
E24 e+02(bls) =>2e+02* Cross Section [30]
E25 e+02(45) =>e+0+0 Cross Section [30]
E26 e+02(45) =>2e+02* Cross Section [30]
E27 et+tO=>e+ O(1d) Cross Section [30]
E28 et+0(1d) =>e+0 Cross Section [30]
E29 et+0=>e+0(1s) Cross Section [30]
E30 et+0(1s) =>e+0 Cross Section [30]
E31 e+0=>2e+0* Cross Section [30]
E32 e+0(1d) =>e+01s Cross Section [30]
E33 e+0(1d) =>2e+0* Cross Section [30]
E34 et+0(1s) =>2e+0+ Cross Section [30]
E35 e+03=>e+03 Cross Section [30]
E36 e+03=>02+0 Cross Section [30]
E37 e+03=>0-+02 Cross Section [30]
E38 e+03=>2e+03* Cross Section [30]
E39 e+0=>2e+0 Cross Section [30]
E40 e+02=>e+02 Cross Section [30]
E41 e+02=>0+0- Cross Section [30]
E42 et+02=>e+02 Cross Section [30]
Oxygen Reactions
o1 O+0=>02+e 1.9e-16 [31]
02 0-+02=>03+e 5e-21 [31]
03 0+03=>05+0 8e-16 [31]
04 02+0=>03+e 1.5e-16 [31]
05 02+0=>0-+02 1.5e-16 [31]
06 O2+02=>02+02te 2.7e-16*(T/300)0.5*exp(-5590/T) [31]
o7 0O2+05=>03+02 3.5e-16 [31]
08 03+0=>02+02te le-16 [31]
09 05+0=>02+0> 2.5e-16 [31]
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03+03=>02+02+02+e
0O2+02+02=>04+02
04+02=>02+02+02
04+0=>03+02
04+0=>0+02+02
0+02+02=>035+02
0++02=>02*+0
0++03=>02"+02
O2t+02+02=>04+02
04++0=>02*+03
04t++02=>02"+02+02
0++0+02=>02+0¢

04 +02(ald) =>02*+02+02
04 +02(b1s) =>02++02+02
04+02(ald) =>02-+02+02
04+02(b1s) =>02-+02+02
O2+02(ald) =>02+02+e
0-+02(ald) =>0s+e
0-+02(ald) =>02+0
02-+02(b1s) =>02+02+e
0+05=>02+02
0+0+02=>02+02
0+02+02=>03+02
02(ald) +03=>02+02+0
02(ald) +O2=>02+02
02(ald) +O=>02+0
02(b1s) +03=>02+02+0
O2(b1s) +Os=>02(ald) +Os
O2(b1s) +O2=>02(ald) +Oq
O2(b1s) +O=>02(ald) +O
Os(b1s) +0=>02+0(1d)

02(45) +02=>02(b1s) +02(b1s)

02(45) +O=>02(b1s) +O(1d)
0(1d) +O2=>02(a1d) +O
0(@1d) +O2=>02(b1s) +O
0(1d) +O2=>02+0

0(1d) +03=>02+0+0

0(1d) +05=>02+02

le-16
3.5e-42*(300/T)
le-16%*exp(-1044/T)
4e-16

3e-16
1.1e-42%(300/T)
2e-17*(300/T) 0.5
le-16
2.4e-42*(300/T) 3.2
3e-16

3.3e-12*%((300/T)4)*exp(-5030/T)

le-41

le-16

le-16

le-16

le-16

Te-16

6.1le-17
7.3e-16%exp(-890/T)
3.6e-16
1.43e-20%(T/300) 4.13
1.56e-45%(T/300) -3
6e-46*(T/300) -1.7
3.5e-21*(T/300) 5.8
2.2e-24*(T/300) 0.8
Te-22

1.5e-17

3.3e-18

4.3e-28*T2.4*%exp(-241/T)

8.1e-20

8.1e-20

2.9e-19

9e-18
0.25%6.4e-18*exp(67/T)
2.56e-17*exp(67/T)
0.75%6.4e-18%exp(67/T)
1.2e-16

1.2e-16

[31



048 O(1s) +02=>0+02(45) 0.69%4.3e-18*exp(-850/T) [32]
049 0O(1s) +02=>0(1d) +O2 0.31%4.3e-18*exp(-850/T) [32]
050 0O(1s) +05=>0(1d) +O+02 0.5%4.3e-16 [32]
051 O(1s) +03=>02+0¢ 0.5%4.3e-16 [32]
052 O(1s) +0z(ald) =>0z2(b1s) +O(1d) 2.9e-17 [32]
053 O(1s) +02(ald) =>02(45) +O 1.1e-16 [32]
054 O(1s) +Oz(ald) =>0+0+0 3.2e-17 [32]
055 0O(1s) +O=>0(1d) +O 5e-17*exp(-300/T) [32]
056 O0-+0+=>0+0 7.51e-14*(300/T) 0.5 [31]
057 0-+02t=>0+0+0 7.51e-14*(300/T) 0.5 [31]
058 0+04=>0+02+02 7.51e-14*(300/T) 0.5 [31]
059 02+0*=>02+0 7.51e-14*(300/T) 0.5 [31]
060 O2+02t=>02+0+0 7.51e-14*(300/T) 0.5 [31]
061 O2+04t=>02+02+02 7.51e-14*(300/T) 0.5 [31]
062 03+0*=>03+0 7.51e-14*(300/T) 0.5 [31]
063 03+02=>03+0+0 7.51e-14*(300/T) 0.5 [31]
064 03+04=>03+02+02 7.51e-14*(300/T) 0.5 [31]
065 04+0+=>02+02+0 7.51e-14*(300/T) 0.5 [31]
066 04+02t=>02+02+02 7.51e-14*(300/T) 0.5 [31]
067 04+04=>02+02+02+02 7.51e-14*(300/T) 0.5 [31]
068 02+02t+02=>02+02+02 2e-37*(300/T) 2.5 [31]
069 02+0*+02=>02+0+02 2e-37*(300/T) 2.5 [31]
070 O-+0++02=>0+0+02 2e-37*(300/T) 2.5 [31]
071 O2+0*+02=>03+02 2e-37*(300/T) 2.5 [31]
072 O+02"+02=>03+02 2e-37*(300/T) 2.5 [31]
073 O0+0++02=>02+02 2e-37*(300/T) 2.5 [31]
074 03+02=>02+0+02 7.3e-16*exp(-11400/T) [31]
075 02(b1s) =>02(als) 1.5E-3 [33]
076 O2(b1s) =>02 8.5E-2 [33]
o77 Oz(als) =>02 2.6E-4 [33]
078 02(45) =>02 11 [33]
Table S3. Reactions Nitrogen-Oxygen with rate coefficient
No Reaction Rate Coefficient (m5/s), (m3/s) Ref
Electron Impact Reactions with NO

E1 e+ NO =>NO- Cross Section [34]
E2 et+tNO=>e+NO Cross Section [34]
E3 et+tNO=>e+NO Cross Section [34]



E4 et+tNO=>e+NO Cross Section [34]
E5 et+tNO=>e+NO Cross Section [34]
E6 et+tNO=>e+NO Cross Section [34]
E7 et+tNO=>e+NO Cross Section [34]
E8 et+tNO=>e+NO Cross Section [34]
E9 et+NO=>e+e+NO* Cross Section [34]
Nitrogen-Oxygen Reactions
R1 N++O-=>N+0 2.6e-13 [35]
R2 N*++02=>N+0q 4e-13 [35]
R3 N2*+0-=>Nz+0 4e-13 [35]
R4 Nat+02=>N2+02 1.6e-13 [35]
R5 N2+0g2 =>02+Nz+e 1.9e-18%exp(-4990/T) [35]
R6 N+O=>0++N le-18 [35]
R7 N*++Qs=>N+0g* 3e-16 [35]
R8 N2t+N=>N*+N2 le-17 [35]
R9 Nz+O* =>N3z*+0 4.9e-15 [35]
R10 N2+0+0 =>02+N2 2.76e-46*exp(720/T) [35]
R11 N2t+0=>0++Nz3 6e-18 [35]
R12 N2t+02=>02+N2 4.7e-18 [35]
R13 N2*+03=>02*+0+N2 le-16 [35]
R14 N2+0+02 =>03+N2 6.2e-46 [35]
R15 N+0O- =>NO+e 2.6e-16 [35]
R16 NO+O- =>NOg+e 2.6e-16 [35]
R17 N+Og =>NOz+e 5e-16 [35]
R18 N++02=>NO++0 2.6e-16 [35]
R19 N*+03=>NO++02 5e-16 [35]
R20 N+NO=>NO++N 5.1e-16 [35]
R21 N++NO=>N3*+0 5e-17 [35]
R22 N+NO2=>NO+NO 5e-16 [35]
R23 NO++0=>NO+0 4.9e-13 [35]
R24 NO++02=>NO+O2 4e-13 [35]
R25 N2*+O=>NO++N 1.4e-35 [35]
R26 N2*+02=>NO*+NO le-23 [35]
R27 N2+O+ =>NO*++N 1.2e-18 [35]
R28 NO+0O+ =>NO*+0 le-18 [35]
R29 NO2+0*+ =>NO++02 5e-16 [35]
R30 N+Og+ =>NO++0 1.8e-16 [35]
R31 N2+O2+* =>NO*+NO le-22 [35]
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NO+02* =>NO*+02
NO+0+02=>NO2+0q
NO+O+N2=>NO2+N2
NO2+0 =>NO+0q
N+NO2=>Nz+0+0
N+NO2=>2NO
NO2+N=>N3+02
NO+NO+02=>2NO2
NO+03 =>NO2+02
N++NOg=>NO2*+N
NO2+02*=>NOs2*+02
NO*+03=>NOz"+02
NO2z*+NO=>NO*+NO2
N+NO2z=>N:0+0
NO2+035=>NO3+02
NOz*+0-=>NO+02
NO2z*+0g2 =>NO2+02
NOs+0 =>NO2+02
NO+NOs=>2NOs2
NO+NOs=>2NO+02
NO2+NO3<=>N205
NO3+NO3=>2NO2+02
NO*+N205=>NO2"+2NO2
N205+02t =>NO2*+NO3+02
N205+N2=>NO2+NO3+N2
N205+02=>N02+NO3+02
e+tNO*=>N+0O
e+NO+=>N(d) +O
e+NO+=>N+0(1d)
e+NO2=>NO+0
e+NO2t=>NO+0(1d)
N+O- =>NO+e

NO+0O- =>NOz+e

N2+0- =>N20+e
e+NO=>e+N+O

N2(A) +02=>0+0+Nz2
Na(A) +NO2=>NO+0+Ns
Nz2(A) +N20=>2N2+0

3.5e-16
8.6e-44
le-43
1.3e-17%(T/1000)0.18
9.1e-19
6e-19
Te-19
1.4e-50
4.6e-20
3e-16
6e-16
le-20
2.9e-16
3e-18
1.7e-22
4e-13
4e-13
le-17
2e-17

2.71e-17*(T)* (-0.23) *exp(-947/T)

1.1e-18
1.2e-21
5.9e-16
8.8e-16
1.6e-25
1.6e-25
4e-13*(300/Te) 1.5
2e-13*(Te) -0.5
2e-13*(Te) -0.5
2e-13*(Te) -0.5
2e-13*(Te) -0.5
0.26e-15
0.26e-15

5e-19

6.4e-16
1.5e-18

le-18

0.8e-16
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R73
R74
R75
R76
R77
R78
R79
R8O
R81
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Nz(A) +02=>N20+0(1d)
Nz(A) +O2=>N20+0
Nz(A) +O=>NO+N(d)
N(d)+NOz=>NO+NO
N(d)+02=>NO+0
N(d)+NO=>N2+0
NO+0(1d) =>02+N
NO2+0(1d) =>02+NO
N20+0(1d) =>2NO
NO2+0(1d) =>NO+0:
N20+ O(1d) =>N2+02
N+03=>NO+Oz2
N+NO=>Nz+0
N+O+N2=>NO+N>
N+0+02=>NO+02
NO2+0+02=>N03+02
NO2+O+N2=>NO3+N2
N+NO2=>N2+0+0
N+NO2=>N:20+0
N+0+0 =>02+N
N+O =>NO+*+e
NO+0O =>02+N
N+02=>NO+0
NO+03=>NO2+02
NO+03=>NOs3+0
N2+0+0 =>N3+02
NO+NO3=>2NO+02
N2+0 =>NO+N
NO+N2=>N+0+N:
NO+0O=>N+0+0
NO+NO=>N+0+NO
NO2+02 =>NO+03
NOs3+02 =>NO2+03
NO+ O* =>0s*+N
NO2+0O* =>NO2+0
N2t+NO=>NO+*+N
N2t+NO2=>NQOs++N32
N2t+NO2=>NO++N:20

0.3e-19

2e-20*(T/300) 0.55

7e-18

le-18

5.2e-18

1.8e-16

1.7e-16

2.5e-16

7.2e-17

0.49e-16

4.4e-17

5e-22

1.8e-17*(T/300) 0.5

1e-44*(300/T) 0.5

1e-44*(300/T) 0.5

8.9e-44*(T/300) -2

8.9e-44*(T/300) -2

0.9e-18

3e-18

3.2e-45%(300/T) 0.41
2.33e-24*(T) 1.5%exp(-319000/T)

7.5e-18*(T/300) -0.5

3.2e-18*(T/300) *exp(-3150/T)

2.5e-19%exp(-765/T)

1.2e-19%exp(-2450/T)

2.76e-46*exp(720/T)

6.2e-11*(300/T) *exp(-25000/T)

3e-16*exp(-38370/T)

8.7e-15%exp(-75994/T)

17.4e-14%exp(-75994/T)

17.4e-14%exp(-75994/T)

2.8e-18*exp(-25400/T)

1.5e-18*exp(-15020/T)

3e-16

1.6e-15

3.3e-16

3.3e-16

5e-17
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N2*+N20=>NO*+N+N3
N2+02=>NO++NO
N+QOz* =>NO+*+0

N20+0+ =>NO*+NO
N2*+0g2 =>N2+02
NO*+02=>NO+0O2
NOgz*+02=>NO2+02
NO++0-=>NO+0
NOz+*+0- =>NO2+0
N2*+0- =>Ng+0
N+02=>NO+0
N(d)+02=>NO+0(1d)
NO+0z2(ald) =>NO+O2
N+02(ald) =>NO+O
N2(A3s) + O2 =>N2+0+0
N2(A3s) +02 =>N20+0
N2(A3s) +O2- =>Na+O0z+te
Nz(B3p) +O2 =>N2+02+e
N2(B3p) +O- =>Nz+O+e
N2(A3s) +O- =>N2+0+e
NO+N2(B3p) =>NO+N2(A3s)
N2+02(b1s) =>Na2+02(ald)
NO+0z2(b1s) =>NO+02(ald)
N(p)+NO=>N2(A3s) +O
N*+02=>NO*+0
N(d)+O+=>N++0
NOg*+e=>NO+0
N20*+e=>N2+0
NOz+e=>NO+0-

N2(A3s) +N20=>N2+N+NO
N20 +0(1d) =>NO+NO
N++NO=>0*+Nzs
N*+N20=>NO*+N3

N20 +0* =>N20*+0

N20 +0+ =>02*+N3
N2*t+N20=>N20*+N3

N +02* =>NO*+0

NO+ Oz* =>NO++02

4e-16

le-23

1.2e-16
2.3e-16
2e-12*(T/300) -
2e-12*(T/300) -
2e-12*(T/300) -
3e-12*(T/300) -
3e-12*(T/300) -
3e-12*(T/300) -
8.9e-23

6e-18*exp(T/300) 0.5

2.5e-17

0.5
0.5
0.5
0.5
0.5
0.5

2e-20*exp(-600/T)

2.54e-18
7.8e-20
2e-15
2.5e-16
1.9e-15
2.2e-15
2.4e-16

4.9e-21*exp(-253/T)

4e-19

3.4e-17
2.5e-17
1.3e-16

2e-13*(300/T) 0.5
2e-13%(300/T) 0.5

le-17
le-17
7.2e-17
le-18
5.5e-16
4e-15
2e-17
5e-16
1.2e-16
4.4e-16



R146
R147
R148
R149
R150
R151
R152
R153
R154
R155
R156
R157
R158
R159
R160
R161
R162
R163
R164
R165
R166
R167
R168
R169
R170
R171
R172
R173
R174
R175
R176
R177
R178
R179
R180
R181
R182
R183

NOgz+02* =>NO*+03
NO2+0s* =>NO2t+02
Ns5t+02=>02t+N+Nzq
N35t+02=>NO2"+N2
N5*+NO=>NO*+N2+N
N3*+NO=>N20*+N2
N20*+NO=>NO*+N20
N4t+02=>02*+Na+N2
NO+ O4+ =>NO*+02+02
NO2+02 =>NO2+02
NO2+0O- =>NO2+0
N20+ O- =>=NO-+NO
NO2+03 =>03+NO2z
NO-+02=>02-+NO
NO3+02=>02+NOs-
N20+02=>035+Nz2
NOz+O-=>NO-+NO
N20+0-=>N:20-+0
NO+03=>NO3s+0
NO+03=>NO2+02
NO2+03=>NO2+03
NO2+03=>NO3+02
NO3+03=>NO3+03
NO+02=>02+NO
NO-+NO2z=>NOz+NO
NO+N20=>NOz+Nz2
NO2+03=>NO35+02
NO2+NO2=>NO3+NO
NO2+NO3s=>NO3+NO:
NO2+N205=>NO3+NO3+NO
NO3+NO=>NOz+NO3
NO+ O4 =>NOs+02

N + Oz(ald) =>NO+O
N2+0O(1d) =>0+Nz2
N2(A3s) +O=>NO+N
Nz(als) +O2=>N2+0+0
Nz(als) +NO=>Nz+N+O
N2(A3s) +Na(als) =>Nut+e

le-17
6.6e-16
2.3e-17
4.4e-17
Te-17
Te-17
2.9e-16
2.5e-16
le-16
8e-16
1.2e-13
2e-16
Te-16
5e-16
5e-16
5e-16
1.2e-15
2e-18
le-17
2.6e-18
7e-16
2e-17
5e-16
5e-16
7.4e-22
2.8e-20
1.8e-17
4e-18
5e-16
7e-16
3e-21
2.5e-16
le-22
2.6e-17
7e-20
2.8e-17
3.6e-16
5e-17



R184 Nsa(als) +Na(als) =>Nast+e 2e-16 [35]
R185 N2+02(ald) =>02+N2 1.7e-16 [35]
R186 N2(A3s) +N2=>2N2 2.7e-17 [35]
R187 N2(A3s) +NO2=>NO+0O+N: le-18 [35]
R188 N2(A3s) +N20=>2Nz+0 8e-17 [35]
R189 N2(A3s) +N20=>N2+N+NO 8e-17 [35]
Table S4. Reaction set for Argon with Rate Coefficient
No Reaction Ag (eV) Rate coefficient (m8/s), (m3/s) Ref
Electron Impact Reactions with Argon
El  etAr=>e+Ar 0.136E-04 Cross section [39]
E2  etAr=>e+Ar(s) 11.50 Cross section [39]
E3  etAr(s)=>e+Ar -11.50 Cross section [39]
E4  etAr=>2e+Ar* 15.80 Cross section [39]
E5  etAr(s)=>2e+Ar* 4.427 Cross section [39]
Argon Reactions
Al Ar(s)+Ar=>Ar+Ar 1807 [38]
A2  Art+Ar+Ar =>Arot+Ar 2.5e-43%(300/T) 1.5 [38]
A3 Ar(s)+Ar(s)=>e+Ar+Ar* 3.3734e8 [38]
A4 etArs=>Ar+Ar 7.34e-14%(Te)-0.67*(T/300) -0.58  [38]
Table S5. Reaction set for Argon & Oxygen& Nitrogen with Rate Coefficient

No Reaction Rate Coefficient (m¥/s), (m?/s) Ref
R1 Art++O=>Ar+0 7.51e-14*(300/T) 0.5 [40]
R2 Art+02=>Ar+02 7.51e-14*(300/T) 0.5 [40]
R3 Art+03=>Ar+0s3 7.51e-14*(300/T) 0.5 [40]
R4 Art+O4=>Ar+20- 7.51e-14*(300/T) 0.5 [40]
R5 Ar(s) +Ar => Ar+ Ar 1807 [40]
R6 Ar(s) +O2=>Ar+0+0 0.46%2.2e-16 [40]
R7 Ar(s) +O2=>Ar+0+0(1d) 0.52*%2.2e-16 [40]
R8 Ar(s)+0Oz =>Ar+ O+ O(1s) 0.02*%2.2¢-16 [40]
R9 Ar(s) +O =>Ar + O 4.1e-17 [38]
R10 Ar+ 0+02 =>03+Ar 3.9e-46*(300/T) 1.9 [40]
R11 Ar +02(b1s) =>0O2+Ar 1.5e-23 [40]
R12 Art+Ar+Ar =>Art+Ar 2.5e-43%(300/T) 1.5 [40]
R13 Ars*+0=>2Ar+0 7.51e-14*(300/T) 0.5 [40]
R14 Arst+02=>2Ar+02 7.51e-14*(300/T) 0.5 [40]
R15 Ar2t+03=>2Ar+03 7.51e-14*(300/T) 0.5 [40]



R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Ars*+04 =>2Ar+202
Ar(s)+Ar(s)=>e+Ar+Ar*
Ar+0(1d) =>Ar+0O
Art+02=>Ar+03z*
Ar++0=>Ar+ O+

Ar+ O(1s) =>Ar+ O(1d)
Ar+20=>Ar+02(A)
Ar+02(A) =>Ar+02
Ar+ O2(B) =>Ar+02(A)
Ar+04+ =>Ar+02++02
Ogt+Ars*=>2Ar+02"
Ar+20=>Ar+02
e+Arst=>2Ar

Ar+ O2(B) =>02t+Ar
Ar+0 =>0O+Ar
Ar++02(A) =>Ar+0s*
Art+02(B) =>Ar+03s+
Ar+O*=>Ar*+0O
Ar+Q0g* =>Ar++02
Ar+0(1d) =>Ar+0O
Ar+20 =>Ar+0:2
Ar+NO+0O =>Ar+NOs2
Ar+NO2+0 =>Ar+NOs
Ar+No+Not =>Ar+N4*

7.51e-14*(300/T) 0.5
3.3734e8
2.0947e-17*exp(-309.4467/T)
6.3e-17*exp(T/300) -0.78
6.4e-18

5e-23

9.85e-41
3e-24*exp(-200/T)

le-23

3e-23

1.2e-16
4.5e-40*exp(630/T)
7.34e-14*(Te)-0.67*(T/300)-0.58
le-22

3e-19

5e-17

5e-17

2.1e-17

2.1e-17

5e-18

2.45e-43*(T) -0.63
le-43*(T/300) -1.6
9e-44*(T/300) 2*exp(-0/T)
1.8e6
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