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Cross sections for vibrational excitation, dissociation, ionization…H2

H2 + e → H2(v) + e ……. Vibrational excitation

→ H + H +e……. Dissociation

→ H2
* + h + e … Photon excitation

→ H2
+ +e + e….. Ionization

→ H+ + H + e + e Dissociative Ionization

Photon excitation
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Low energy collisions with molecules
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Endothermic reaction: Ea(forward) > Ea(reverse)

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

Higher temperatures favor products for an endothermic reaction
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Older experiments and theory



Ion-Molecule reactions

Some experiments and data….



Collision cross section of IMR
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Hydrogen

Actual experiments and theory
2020
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Ionic composition of the atmosphere



Reaction Rate of IMR relevant for ionosphere
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Low energy collisions with molecules
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Collisions of electrons with atoms

Classical or quantum approach?

Electron:
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~2A = 2x10-8cm  de Broglie
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Collisions of electrons with atoms (atomic beams)
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Partial cross section for excitation
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Total collision cross sections Na, K, Cs…

Alkali metals
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Total collision and reactive  cross sections comparison
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Collisions of electrons with atoms – Ramsauer’s method

Lenard 1903

Akesson 1916

Ramsauer 1921
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Collisions of electrons with atoms – Ramsauer’s method
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Total collision cross section – e/atoms

a0=0.53x10-8cm~0.5A

Radius of the first Bohr orbit of H atom



Details of Ramsauer effect
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Frequencies of elastic collisions
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Collision Frequencies
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Kvantová mechanika

Jednorozměrný rozptyl

Kvantová mechanika I

J. Klíma B. Velický

MFF 1992
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Efekt Ramsauera - Kr
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V0

Kr; a=2Å

Ei= 14 eV ➔V0=57.97 eVEi= 14 eV

V0=57.97 eV
E=0.013 V0=0.75 eV
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Frequencies of elastic collisions
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Very low collision energies

Kr & CCl4
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Very low collision energies



Very low collision energies
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Electron attachment at very low electron energies
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Molecules -rotational excitation

H2O (j0) + e(1)➔ H2O(j>j0) + e(2)
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