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• Self-consistent chemical kinetics 

• Electron Kinetics: Boltzmann equation

• Discharge Modeling

• Hydrogen plasma kinetics

• Vibrational kinetics of singlets and improved ion model

• Results
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ELECTRON KINETICS
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H2/H STATE-TO-STATE KINETICS 

Ground state vibrational kinetics

e� +H+
2 ⌦ H(m0) + H(n = 1)

e� +H+
2 ⌦ H+ +H(n = 1) + e�

e� +H+
2 ⌦ 2H+ + 2e�

H+ +H2(v00) ⌦ H+H+
2

H2(�) + H2(! � 1) ⌦ H2(� � 1) + H2(!)
H2(�) + H2(!) ⌦ H2(� � 1) + H2(!)

H2(�) + H ⌦ H2(� ���) + H
H2(�) + H2 ⌦ 2H + H2

H2(�) + H(n = 1) ⌦ 3H(n = 1)
H2(�) + H(n = 2) ⌦ 3H(n = 1)

Ground state vibrational kinetics
H(m) + H(n = 1) ⌦ H(m0) + H(n = 1)
H(m) + H(n = 1) ⌦ H+ + e� +H(n = 1)

H(m) + e� ⌦ H(m0) + e�

H(m) + e� ⌦ H+ + 2e�

H(m) ! H(m0) + h⌫
H+ + e� ! H(m) + h⌫

Atomic level kinetics

H2(�) + e� ⌦ H2(!) + e�

H2(�) + e� ⌦ H+
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H2(�) + e� ⌦ H+ +H(n = 1) + 2e�

H2(�) + e� ⌦ H2(b, e3⌃+
u ) + e� ⌦ H(n = 1) + H(n = 1) + e�

H2(�) + e� ⌦ H2(
1Y ?) + e� ⌦ H(n = 1) + H(n = 2, 3, 4) + e�

Electron impact induced processes

Molecular ion kinetics
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Fast discharges in hydrogen 
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Fast discharges in hydrogen 
Ns-RPD 
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Fast discharges in hydrogen 
Ns-RPD 

V
D

F

electron energy (eV)
0 5 10 15 20 2510–10

10–8

10–6

10–4

10–2

100

102

tn>2=1.2 ns

14 ns

16 ns

20 ns

EE
D

F 
 (e

V
-3

/2
)

b)

vibrational energy (eV)
0.0 1.0 2.0 3.0 4.0 5.010–7

10–6

10–5

10–4

10–3

10–2

10–1

100

tn>2=1 ns

tn>2=2 ns

a)

v=all
v=0

tn>2 (ns)

m
ol

ar
 fr

ac
tio

n

0 5 10 15 20
0

0.02

0.04

0.06

0.08

0

0.2

0.4

0.6

0.8

1
H

e-

v=all
v=0

b)

a) tp-tf



G. Colonna: Vibrational kinetics of electronically excited states in H2  
Ion Propulsion and Accelerator Industrial Applications (IPAIA2017) Bari, March 1nd-3rd2017

Fast discharges in hydrogen 
DBD 
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Fast discharges in hydrogen 
DBD 
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Fast discharges in hydrogen 
DBD 
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H2/H STATE-TO-STATE KINETICS 

Updated model

H2(X1⌃+
g , v

00) + e� ⌦ H2(
1Y ?, v0) + e�

H2(
1Y ?, v0) ! H2(X1⌃+

g , v
00) + h⌫

H2(
1Y ?, v0) ! H2(X1⌃+

g , ") + h⌫ ! 2H(n = 1)
H2(

1Y ?, v0) + H2/H ! 2H(n = 1) + H2/H

Singlets vibrational kinetics

e� +H2(X
1⌃+

g , v) ⌦ e� +H2(a
3⌃+

g )
H2(a

3⌃+
g ) ! H2(b

3⌃+
u ) + h⌫ ! 2H(n = 1)

H2(a
3⌃+

g ) + H2/H ⌦ H2(c
3⇧u) + H2/H

H2(c
3⇧u) + H2/H ⌦ 2H + H2/H

Triples kinetics

e� +H2(X1⌃+
g , v

00) ⌦ H� +H

e� +H+
2 ⌦ H� +H+

H� +H+ ⌦ H(n = 1) + H(n > 1)
H� +H+

2 ⌦ H2(v00 = 0) + H(n = 1)
H� +H+

3 ⌦ H2(v00 = 0) + H2(v00 = 0)

Negative Ions kinetics

H+ + 2H2(v00 = 0) ⌦ H+
3 +H2(v00 = 0)

H+
2 +H2(v00 = 0) ⌦ H+

3 +H(n = 1)
e� +H+

3 ⌦ e� +H+ + 2H(n = 1)
e� +H+

3 ! H+
2 +H� + h⌫

e� +H+
3 ! H2(v = 0) + H(n = 1)

e� +H+
3 ! 3H(n = 1)

Trihydrogen cation kinetics
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dissociative attachment
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dissociative attachment
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Fast discharges in hydrogen 
State resolved data 
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Fast discharges in hydrogen 
Multi pulse evolution 
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H2/H STATE-TO-STATE KINETICS 

Updated model

H2(X1⌃+
g , v

00) + e� ⌦ H2(
1Y ?, v0) + e�

H2(
1Y ?, v0) ! H2(X1⌃+

g , v
00) + h⌫

H2(
1Y ?, v0) ! H2(X1⌃+

g , ") + h⌫ ! 2H(n = 1)
H2(

1Y ?, v0) + H2/H ! 2H(n = 1) + H2/H

Singlets vibrational kinetics

e� +H2(X
1⌃+

g , v) ⌦ e� +H2(a
3⌃+

g )
H2(a

3⌃+
g ) ! H2(b

3⌃+
u ) + h⌫ ! 2H(n = 1)

H2(a
3⌃+

g ) + H2/H ⌦ H2(c
3⇧u) + H2/H

H2(c
3⇧u) + H2/H ⌦ 2H + H2/H

Triples kinetics

e� +H2(X1⌃+
g , v

00) ⌦ H� +H

e� +H+
2 ⌦ H� +H+

H� +H+ ⌦ H(n = 1) + H(n > 1)
H� +H+

2 ⌦ H2(v00 = 0) + H(n = 1)
H� +H+

3 ⌦ H2(v00 = 0) + H2(v00 = 0)

Negative Ions kinetics

H+ + 2H2(v00 = 0) ⌦ H+
3 +H2(v00 = 0)

H+
2 +H2(v00 = 0) ⌦ H+

3 +H(n = 1)
e� +H+

3 ⌦ e� +H+ + 2H(n = 1)
e� +H+

3 ! H+
2 +H� + h⌫

e� +H+
3 ! H2(v = 0) + H(n = 1)

e� +H+
3 ! 3H(n = 1)

Trihydrogen cation kinetics
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Fast discharges in hydrogen 
Excited state concentration & 

singlets vibrational distributions 
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Dissociation by Pure Vibrational Mechanism (PVM)

•  eV (electron-vibration) processes;
•  VV (vibration-vibration) and 
•  VT (vibrational-translation) processes;
•  Dissociation from the last vibrational level.
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Conclusions
• Self-consistent chemical kinetics has been applied to model gas 

discharges in hydrogen and CO2. 

• The  self-consistent  approach  put  in  evidence  the  synergy 
between EEDF, level distributions and composition, including 
superelastic collisions.

• DB of  electron impact  cross  sections  has  been improved by 
adding transitions from excited vibrational level of X1∑ state.

• Vibrational  kinetics  of  singlet  states  have  been  included  to 
properly consider dissociative channels and radiative decay.

• Positive and negative ion kinetics has been improved.

• FUTURE WORK (in progress): Improvement of DBD model.


