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Low energy collisions with molecules
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It is written for process with electron energy

e.g. exciatation by collisions with electrons

The thermal average reaction rate constant

The thermal average rate constant

The reaction rate coefficient



Endothermic reaction: Ea(forward) > Ea(reverse)

Exothermic reaction: Ea(forward) < Ea(reverse)

Higher temperatures favor products for an endothermic reaction
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Collision cross section of IMR
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Ionic composition of the atmosphere



Reaction Rate of IMR relevant for ionosphere

kcoll~10-9cm3s-1
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UFP 2022 3BInteractions of electron 

Rotational and vibrational excitation

Excitation energiesRutherford atom

10-10m

+
10-14m

Not to scale!!!

Electron:   1eV → v=5.9x107cm s-1

~a0/v ~10-8/ 5.9x107=2x10-16s



Energy levels
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Reaction coordinate

Reaction Coordinate

“…..In chemistry, a reaction coordinate 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. …..”

https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Coordinate
https://en.wikipedia.org/wiki/Molecular_entity


Reaction Coordinate Diagrams 

“ ……We can follow the progress of a reaction on its way from reactants to 

products by graphing the energy of the species versus the reaction coordinate. We 

will be vague in describing the reaction coordinate because its definition is a mess 

of other variables composed to best make sense of the progress of the reaction. The 

value of the reaction coordinate is between zero and one. Understanding the 

meaning of the reaction coordinate is not important, just know that small values of 

reaction coordinate (0-0.2) mean little reaction has taken place and large values 

(0.8-1.0) mean that the reaction is almost over. It is a kind of scale of the progress 

of a reaction. A typical reaction coordinate diagram for a mechanism with a single 

step is shown below:  …..“



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


Reaction Coordinate

2018

Minimum energy paths

Reaction Coordinate
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Born-Oppenheimer approximation

Franck-Condon principle

proportional

Franck – Condon factor



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

~a0/v ~10-8/ 5.9x107=2x10-16s



Timescale : ≈10-15 sec  

Timescale of geometry changes 

(vibrations):  ≈10-12 sec



P~<yinitial. yfinal>
2.

Franck – Condon factor



The Franck–Condon principle is a rule in spectroscopy and quantum chemistry that 

explains the intensity of vibronic transitions. Vibronic transitions are the simultaneous 

changes in electronic and vibrational energy levels of a molecule due to the absorption 

or emission of a photon of the appropriate energy. The principle states that during an 

electronic transition, a change from one vibrational energy level to another will be 

more likely to happen if the two vibrational wave functions overlap more significantly. 

Absorption or emission of a photon

Collision with electron

https://en.wikipedia.org/wiki/James_Franck
https://en.wikipedia.org/wiki/Edward_Condon
https://en.wikipedia.org/wiki/Spectroscopy
https://en.wikipedia.org/wiki/Quantum_chemistry
https://en.wikipedia.org/wiki/Vibronic_transition
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Electronic_transition
https://en.wikipedia.org/wiki/Quantum_vibration
https://en.wikipedia.org/wiki/Energy_level
https://en.wikipedia.org/wiki/Wave_functions
https://en.wikipedia.org/wiki/Photon


Franck–Condon principle energy diagram. Since 

electronic transitions are very fast compared with 

nuclear motions, vibrational levels are favoured 

when they correspond to a minimal change in the 

nuclear coordinates. The potential wells are shown 

favouring transitions between v = 0 and v = 2.

Schematic representation of the absorption and 

fluorescence spectra corresponding to the energy 

diagram in Figure 1. The symmetry is due to the 

equal shape of the ground and excited state 

potential wells. The narrow lines can usually only 

be observed in the spectra of dilute gases. The 

darker curves represent the inhomogeneous 

broadening of the same transitions as occurs in 

liquids and solids. Electronic transitions between 

the lowest vibrational levels of the electronic 

states (the 0–0 transition) have the same energy in 

both absorption and fluorescence

The absorption or emission of a photon
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https://en.wikipedia.org/wiki/Potential_well
https://en.wikipedia.org/wiki/Photon




Photoelectron spectrum H2
P~<yinitial. yfinal>

2.





Franck-Condon Principle

Franck-Condon Factors

P~<yinitial. yfinal>
2.



Franck-Condon principle  - FOTOIONIZATION
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h = 21.22 eV

MO diagram for the three highest occupied MOs in CO accessible by HeI radiation. PES of CO obtained by HeI 

radiation and potential energy curves for the neutral molecule and the three ionized states.

IE of CO ~ 14 eV





Details of interaction of electron with molecules

Details of interaction of electron with H2
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PES of H2




