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In most situations, the fractional populations of electronically excited states are negligible, but the same 
does not occur in molecular gases.
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In most situations, the fractional populations of electronically excited states are negligible, but the same 
does not occur in molecular gases.
Therefore, to solve the electron Boltzmann equation, we need to know the fractional population
of the vibrational levels.
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Electron Kinetics Vibrational Kinetics
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VT H2-H collisions
H2

C. D. Pintassilgo ESCAMPIG, Funchal, July 2026



N2-N

N2-O

N2-N

C. D. Pintassilgo ESCAMPIG, Funchal, July 2026

N2-N



95%N2-5%O2

without 
VT N2-O

without 
VT N2-N
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Vibrational kinetics (and consequently electron kinetics)
requires a reliable description of the main

atomic species produced in the discharge   
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…,
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By the way…



LoKI-B

➢ solves the space independent form of the 

two-term electron Boltzmann equation, for 

DC/HF or time-dependent (non-oscillatory) 

electric fields.

➢ includes e-e collisions, CAR operator, and 

growth models for the electron density.

The LisbOn KInetics (LoKI-GM) simulation tool
(developed under MATLAB®)

loki@tecnico.ulisboa.pt

LoKI-C

➢ solves the system of 0D rate balance 

equations for the heavy particles of pure 

gases or gaseous mixtures. 

➢ includes modules to describe 

(i) the collisional, radiative and transport 

mechanisms controlling the creation / 

destruction of volume and surface species

(ii) the thermal heating of the neutral gas 

https://github.com/LoKI-suite

https://github.com/LoKI-suite
https://github.com/LoKI-suite
https://github.com/LoKI-suite
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Let me mention the numerical tool LoKI-GM, available as open-source.

Release this evening 19h-20 h.

Poster session 2 LoKI-GM: a global model tool for plasma chemistry studies
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More about chemical kinetics
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Vibrational KineticsElectron Kinetics

Chemical Kinetics
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One last effect involving Tg and vibrational kinetics
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DC discharge in pure N2, 50 mA, 7.5 Torr 
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…,



Afterglow
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78%N2-19%O2-3%H20 
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A good approximation of a DBD can be made
by considering a capacitor (paralell-plate configuration)
in series in the circuit



+
−

E/Ngen

Rplas

Gas-gap 
resistance

E/Ngap

Reduced field computed via equivalent circuit approach (within Merlino plasma global model) – atmospheric pressure air, f = 104 s-1, V0 = 10 kV,
d = 10-3 m. See Plasma Chem Plasma Process 44, 1575–1594 (2024). https://doi.org/10.1007/s11090-024-10484-6
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Input parameters: 10 kV

Three different input power densities:

P1 = 2.7x106 W/m3 ; f= 10 kHz; C0= 104 ε0 (F/m)

P2 = 1.35x105 W/m3 ; f= 10 kHz; C0= 500 ε0 (F/m)

P3 = 1.45x103 W/m3 ; f= 5 kHz; C0= 10 ε0 (F/m)
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Time (𝜇s)

Reduced field computed via equivalent circuit approach (within Merlino plasma global model) – atmospheric pressure air, f = 104 s-1, V0 = 10 kV,
d = 10-3 m. See Plasma Chem Plasma Process 44, 1575–1594 (2024). https://doi.org/10.1007/s11090-024-10484-6

Re
du
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d 

fie
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 (T
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+
−

E/Ngen

C

Rplas

Gas-gap 
resistance

Capacitive charging and plasma conduction screen the imposed field and produce a phase lead of the effective gap field E/Ngap

E/Ngap



Results obtained using the MERLINO code developed at the University of Bologna, where the rate coefficients of the electron 
impact reactions are obtained from LoKI -B for different values of the reduced electric field. 
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200 ns HV pulse at approximately 11.6 kV

Repetition frequency of 1 kHz

Rise/fall time of approximately 50 ns
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Modelling results obtained using the MERLINO code developed at the University of Bologna, where the rate coefficients of the electron impact 
reactions are obtained from LoKI -B for different values of the measured reduced electric field (in gray). 
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Modelling results obtained using the MERLINO code developed at the University of Bologna, where the rate coefficients of the electron impact 
reactions are obtained from LoKI -B for different values of the measured reduced electric field (in gray). 
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Modelling results obtained using the MERLINO code developed at the University of Bologna, where the rate coefficients of the electron impact 
reactions are obtained from LoKI -B for different values of the measured reduced electric field (in gray). 
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OH creation:

O(1D) + H2O → 2OH

N(2D) + H2O → OH + NH

with a minor contribution:

e + H2O → e + OH + H 

OH- + O3 → O3
- + OH

Modelling results obtained using the MERLINO code developed at the University of Bologna, where the rate coefficients of the electron impact 
reactions are obtained from LoKI -B for different values of the measured reduced electric field (in gray). 
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OH creation:

O(1D) + H2O → 2OH

N(2D) + H2O → OH + NH

with a minor contribution:

e + H2O → e + OH + H 

OH- + O3 → O3
- + OH

OH losses:

For shorter times, after ignition:

O(3P) + OH → H + O2 

For longer times:

OH + HO2 → O2 + H2O

OH + NO2 + (M) → HNO3 + (M)

O3 + OH → HO2 + O2

OH + HNO2 → NO2 + H2O

Modelling results obtained using the MERLINO code developed at the University of Bologna, where the rate coefficients of the electron impact 
reactions are obtained from LoKI -B for different values of the measured reduced electric field (in gray). 



QUESTIONS ?

Thank you for your attention !!

C. D. Pintassilgo ESCAMPIG, Funchal, July 2026

Funding institution

doi.org/10.54499/2022.04128.PTDC

https://doi.org/10.54499/2022.04128.PTDC

	Slide 1: Modelling Chemical Kinetics and Vibrational Excitation in  Plasma Discharges
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


   𝜎  w , v ( u ) =    g v   g w   u +  u  v , w u  C  v , w ( u +  u  v , w )


  +


  −


    E / N  gen


   R  plas


    E / N  gap


  𝜇


  +


  −


    E / N  gen


   R  plas


  E /  N  gap


    E / N  gap

