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“Triatomic” molecules

O3 24 18     1.27Å 117º 0.53 D       O3 24 18     1.27Å 117º 0.53 D       
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“Blanket effect” = water vapour + carbon dioxide

H2O: -18°C →+15°C CO2: +15°C →+???

IR absorption 
in “pure” air 



CO2 contents in atmosphere

from 1850 to  2005 >25%  rise



“Greenhouse”
effect

Kyoto Protocool!Kyoto Protocool!



Greenhouse and anti-greenhouse gases

τCO2 = 150 y

N2O τ= 210 y    (rise cropping, bio-mass burning)

SO2 τ= few weeks  but  albedo rising (cooling)effect
and antropogenicproduction = 10x natural

NO2 automobile traffic (poisonous)pollutant 

OCS tundra de-freezing processes 



Semiconductor industry



Paul Lenard (1895)

“Electron” scattering

Ann.d.Phys.u.Chem. N.F. 56 (1895)



Partial cross sections:
elastic scattering         e+A →e+A

electronic excitation e+A →e+A*

vibrational excitation   e+AB(v=0) → e+AB(v>0) 

rotational excitation     e+CH4 (J=0) → e+CH4 (J=2) 

ionization                     e+A →A++2e

dissociative ionization  e+AB → A + B+ + 2e

neutral dissociation      e+AB → A + B + e

electron attachment (dissociative)  e+AB → A- + B

)exp(0 nlII σ−=Total (absolute) cross sections:



Hayashi 1992

Need for data?Need for data?



Hayashi 1992



Hayashi-CO2

“About 1,240 papers were compiled. 
The bibliography covers the period 1901 through 2000 for CO2.”

Hayashi 2003





Cross sections for SO2
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Recommended (preferred)
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Total vs. partial cross section measurements

No simple method for normalizationNo simple method for normalization



Molecules: inelastic processes!

1 2 3 4
0

5

10

15

20

25

30

35

T
ot

al
 c

ro
ss

 s
ec

tio
n 

(1
0-1

6 cm
2 )

Electron energy (eV)

 

 

 Zecca
 Hoffman
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Experiment ↔ Theory   (N2O)
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Experiment ↔ Theory   (N2O)
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Total cross sections – analogies
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Total cross sections - analogies
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„semiempirical” analogies – partitioning
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Ionization  – experiment and models
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U=<p2>/2m – electron 
momentum in subshell
W- ejected electron
B- binding energy
R – Rydberg energy
S=4πa0

2N(R/B)2

t=T/B,...

Kim, Rudd 1994

σ(t)=S/(t+u+1)[D(t)lnt + (2-Ni/N)((t-1)t-lnt/t+1)]

… and Deutsch – Märk model… and Deutsch – Märk model



Partitioning - resonances
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Swarm experimentsSwarm experiments
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“effective ionization”“effective ionization”

Swarm experimentsSwarm experiments
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Transverse diffusion CO2-N2O (resonance region)
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Drift velocity CO2  and  N2O
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DL/µ in  CO2-N2O (resonance region)
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Diffusion coefficients – Boltzmann analysisDiffusion coefficients – Boltzmann analysis



E

MagBoltz
S. Biagi, Nucl. Instr. and Meth. A421 (1999) 234

V.D. Stojanović and Z. Lj Petrović, J. Phys. D 31 (1998) 834

Diffusion coefficients – Monte CarloDiffusion coefficients – Monte Carlo



Beam ↔ Swarm  (NO)
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NO –resonances
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NO –resonances
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Swarm-derived cross sections for CO2
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Cross sections for N2O
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w for OCS
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Cross sections for OCS
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Still no (chemical) details!

Trento, 1996Trento, 1996



“Photo-absorption” = forward electron scattering

Electronic excitation – NO and N2O



„Simple system”: N2 afteglow



Dissociative attachment (1)

CS2CS2 SO2SO2

These are absolute cross sections!These are absolute cross sections!

… and not so small (1%)!… and not so small (1%)!
Krishnakumar et al. PRA 57 (1997) 1945Krishnakumar et al. PRA 57 (1997) 1945



Dissociative attachment: NO2, O3

i.e. also Quantum Chemistryi.e. also Quantum Chemistry

Rangwala et al. PRA 68 (2003) 052710Rangwala et al. PRA 68 (2003) 052710

O3: 3 times more!O3: 3 times more!

DE: 3.11 eV (NO2), 1.04 eV (O3)DE: 3.11 eV (NO2), 1.04 eV (O3)



Optically allowed (radiative)
vs. forbidden (dissociation)
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Optically allowed (radiative)
vs. forbidden (dissociation) 

Nitric oxide (NO)Nitric oxide (NO)



Triatomic?



Electronic excitation (CO2)

GOS:
f=W/2 (K1/K2) (∆K)2 σ

GOS:
f=W/2 (K1/K2) (∆K)2 σ

No integral CSNo integral CS



Electronic excitation (2)
Predissociation path:
1Πu→ O(1S)+CO(X1Σ+)
Predissociation path:
1Πu→ O(1S)+CO(X1Σ+)

„Hydrocarbon combustion
by pulsed DC discharge”
„Hydrocarbon combustion
by pulsed DC discharge”
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Dissociation into neutrals (H2O)

Herb and McConkeyHerb and McConkey

„Laser induced fluorescence”„Laser induced fluorescence”



Dissociation into neutrals (N2O)

XeO* excimer decayXeO* excimer decay

LeClair and McConkey JCP 99 (1993) 4566LeClair and McConkey JCP 99 (1993) 4566

N2O → O(1S0)N2O → O(1S0)



Dissociation into neutrals (CF4)

Nakano and Sugai, Jpn. J. Appl. Phys. 31 (1992) 

2919

Nakano and Sugai, Jpn. J. Appl. Phys. 31 (1992) 

2919

„Two electron beams”„Two electron beams”



Dissociation into neutrals (CF4, CH3F…)

Motlagh and Moore JCP 109 (1988) 432Motlagh and Moore JCP 109 (1988) 432

„Volatile organotellurides”„Volatile organotellurides”



Dissociation into neutrals (CF3COOH)

Illenberger and collaboratorsIllenberger and collaborators

„Thermal desorption”„Thermal desorption”



Conclusions (1): elastic cross sections

● Beam cross sections require a cross check 
(spread in data > declared errors)

● Electron diffusion measurements are not straightforwards
(difficilty in deriving diffusion coefficients)

● Boltzmann models fail for polar molecules and high E/N

●Monte Carlo codes need well chosen cross sections data

● Theory: input from experiments 
on inelasting contribution in resonances



Conclusions (2): inelastic processes

● Ionization – only recently satisfactory agreement and semiempirical 
models

● Dissociative (non-dissociative?) electron attachment: new labs

● Electronic excitation: extend the angular range, give integral values

● Dissociation channels: develop new techniques
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