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Interactions of electron 

Rotational and vibrational excitation

Excitation energiesRutherford atom

10-10m

+
10-14m

Not to scale!!!

Electron:   1eV → v=5.9x107cm s-1

t~a0/v ~10-8/ 5.9x107=2x10-16s



molecular rotations

lower energy 

microwave radiation

electron transitions

higher energy 

visible and UV radiation

molecular vibrations

medium energy 

IR radiation

Ground State

Excited State
During an electronic transition

the complex absorbs energy

electrons change orbital

the complex changes energy state

Timescale : ≈10-15 sec  

Timescale of geometry changes 

(vibrations):  ≈10-12 sec

As a result, observe vertical (Franck-Condon) transitions

In other words, we assume that we only have to consider the electronic 

portion of the ground- and excited-state wavefunctions to understand 

these transitions:  Born-Oppenheimer approximation

Transitions between molecular 

potential energy surfaces

Electron:   1eV → v=5.9x107cm s-1

t~a0/v ~10-8/ 5.9x107=2x10-16s
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Reaction Coordinate

“…..In chemistry, a reaction coordinate[1] is an 

abstract one-dimensional coordinate which represents 

progress along a reaction pathway. It is usually a 

geometric parameter that changes during the 

conversion of one or more molecular entities. In 

molecular dynamics simulations, a reaction coordinate 

is called collective variable.[2] …..”

2019

https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Reaction_coordinate#cite_note-gold_book-1
https://en.wikipedia.org/wiki/Coordinate
https://en.wikipedia.org/wiki/Molecular_entity
https://en.wikipedia.org/wiki/Reaction_coordinate#cite_note-2
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Kinetics of elementary process
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1eV corresponds to ~ 11604K



E

Reaction coordinate

DE

Arrhenius plot

2018



Keq12(T)= kf1/kr2

OD- + HD → kf1→ OH- + D2.

OD- + HD  kr2   OH- + D2.

OD- + HD

OH- + D2.

Van 't Hoff plot for reaction

Arrhenius plots of the rate coefficient kf1 and kr2

Arrhenius function kf1 = kf1Aexp(-Ef1A/kBT) 

Van 't Hoff equation 
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Rovibrational excitation
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Chlazení elektronů v plazmatu   
◼ A

2003



Boltzmann equation



El.-neutral He collisions only

Collision frequency is ~109 s-1

He



Time scale of relaxation of EEDF

e-g Ar

Ar

He

e-g
He



Time scale of relaxation of EEDF
◼ A

e-g

e-e-g

Ar

Ar



Time scale of relaxation of EEDF
◼ A

e-g

e-e-g

e-g

energy relaxation
Ar
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⚫ Cross sections and plasma parameters
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DIFUZION , DRIFT
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Drift of ionts - experiment   

Potenciál

Časování

Evd = ´

vd

Ne

Ar

D
ri

ft
o

v
a

 r
y
ch

lo
st

E/p V/cm Torr



Drift

Diffusion

Ambipolar diffusion

The Townsend (symbol Td) is a physical unit of the reduced 

electric field (ratio E/N), where  E is electric field and N is 

concentration of neutral particles. It is defined by the relation

E/p V/cm Torr



Drift of ions - experiment   
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Drift of ions- time of flight
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Drift of elektrons in He,  Ne, Ar…

◼ e in He,  Ar, Xe
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Energy of elektrons
◼ Energy, velocity, 

◼ Einstein relation
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e- in Ar

Ar+ in Ar

1V/cm Torr

~103cm/s

x300

Drift of ions and electrons – comparison of experimental data  
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Drift of ionts
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Dependence on mass of buffer gas and ions
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Odvození rovnice pro drift z B. rovnice  
DriftEquation B
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Runaway mobility of ions ◼ H+ and D+ in He
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Comparison of drift of ionts and electrons ◼ Drift of ionts

◼ Drift of electrons
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Drift elektronů   

CO+ v N2

e- v Ar

A co bude dělat plazma v E ??!! 
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DIFUZION , DRIFT
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Einstein formula
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The reduced mobility μ0 m2 s−1 V−1 is the value 

at a gas number density of 2.69 × 1025 m−3. 
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Závislost difúze na tlaku a na teplotě   
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Drift nabitých částic v elektrickém poli   
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00 pp  =

He

Loschmid number ~2,687x1019cm-3

The reduced mobility μ0 m2 s−1 V−1 is the value 

at a gas number density of 2.69 × 1025 m−3. 

He
Ar
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Conductivity

◼ Pohyb elektronů v elektrickém poli
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Energy of electrons ◼ Energia, rychlost, 

◼ Einsteinův vztah
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Energia elektronů   
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Drift of ions - experiment   

Ne+
Ar+

1975

in He
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Drift of ions - experiment   



Závislost na hmotě plynů a hmotě iontů   
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experiments



Ion mobility spectrometry diagram 
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gas
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Drift tube

E

gas

◼ Innsbruck Drift Tube



A Mass-Selective Variable-Temperature Drift Tube Ion Mobility-Mass 

Spectrometer for Temperature Dependent Ion Mobility Studies

Jody C May, David H Russell

Published in Journal of the America

https://www.semanticscholar.org/author/Jody-C-May/37110797
https://www.semanticscholar.org/author/David-H-Russell/1840936


◼ A



Ion mobility spectrometry diagram
2008



EEDF from Boltzmann equation



Srovnaní driftů iontů a elektronů   ◼ Drift iontů

◼ Drift elektronů
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A co bude dělat plazma v E ??!! 
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Diffusion in plasma
◼ Ambipolar diffusion
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Ambipolární difúze   
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Pole v plazmatu, odhad   
◼ Ambipolar diffusion
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Rovnice kontinuity a difúze   ◼ A
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Řešení rovnice   
◼ Chen etc.

◼ Collision phenomena in ionised gases
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Difúze v rovinní geometrii   
◼ Rovina

◼ Separace proměnných

0-L +L

n(r,t)

2

2

t

S

D

S
S −=−=

22

2
2



S

x

S
S −=




=



x
B

x
AS sincos +=



x
B

x
AS sincos +=

t
t

eTT
−

= 0

t
t

D

x
enn

t

cos0

−
= 0cos),( 0 ==

−

t
t

D

L
entLn

t

D

L

D

L 12

2

2









=→=


t



t
D

L 12
2









=


t

Dt
L

t

eTeTT

2
2

00









−

−
== t

2

2 2








==


t

L
D




x
enn

t
D

cos
2

0

−

=









=




L2

Charakteristická difúzní délka

)().(),( rStTtrn


=





 In slab geometry, 

 Boundary conditions S=0 at 
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Diffusion in cylinder ◼ Válec
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Diffusion ◼ A



Radial and axial distribution of electrons and ions
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CALCULATION OF PLASMA DECAY IN CYLINDER

DIFFUSION AND RECOMBINATION
tD=60 ms, =1x10-7cm3s-1 and =5x10-9cm3s-1
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AISA vypočtené difúzní ztráty
◼ Difúze a rekombinace
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Difúze v plazmatu   
◼ Ambipolární difúze
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Recombination of H3
+(v=0) in He/Ar/H2

Stationary afterglow
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EEDF Argon plasma ◼ Ricard



PTMS







PA ladder

PTR-MS is sensitive to most hydrocarbons
and hydrocarbon derivatives and some 
inorganic species.

H3O
+ + X➔XH+ + H2O

H3
+ + X➔XH+ + H2







PTMS



In-situ measurements of 

environmental trace gases 

by PTR-MS 

Armin Wisthaler

Institut für Ionenphysik

Leopold-Franzens-Universität Innsbruck

AUSTRIA

PTR-MS  ➔ SIFT

➔ SIFDT



The Innsbruck Selected Ion Flow Drift Tube (SIFDT)
converted to Proton Transfer MS

H2O He Reactant

H3O
+ + X➔XH+ + H2O



H3O
+(H2O)n (n=0,1,2) + HONO: product study

H2NO2
+:  NO+•H2O

De Petris, G. et. al., J. Phys. Chem., 76, 5183, 1982

Cluster formation in SIFT



PTR-MS

H3O+
Non-dissociative PT reaction

H3O++ A → AH+ + H2O

PA(A) > PA (H20)

H3O+

AH+



Kinetics

The reaction rate coefficients for exothermic PT reactions is close (± 30%) 
to the collisional value predicted by ion-molecule capture theories.
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Loschmidt number~2,687x1019cm-3

The reduced mobility μ0 m2 s−1 V−1 is the value 

at a gas number density of 2.69 × 1025 m−3. 

The Loschmidt constant or Loschmidt's number (symbol: n0) is the number of particles (atoms or 

molecules) of an ideal gas per volume (the number density), and usually quoted at standard temperature 

and pressure. Recommended value is 2.686780111...×1025 m−3 at 0 °C and 1 atm. 

https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Ideal_gas
https://en.wikipedia.org/wiki/Number_density
https://en.wikipedia.org/wiki/Standard_temperature_and_pressure
https://en.wikipedia.org/wiki/Celsius
https://en.wikipedia.org/wiki/Atmosphere_(unit)

