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Data for plasma applications

• Japan-Portugal-Spain-Australia (from 2003):

GeF4; SiF4, CF4; BF3; C4F6; CF3Cl; CF2Cl2; CFCl3; 1,3-C4F6, c-C4F6 and 2-C4F6;
CCl4; F2CO; C2F4

COS; CS2;H2O; CH4; SiH4; GeH4; C6H6; CH3F; CH3Cl; CH3Br; CH3I; O2

• UK-Portugal (2006):
CF3I, C2F4 and CFx (x = 1 - 3) radicals

• Elastic DCS; ICS; Total Cross Sections (experiment and theory);
• Electronic Excitation (experiment and theory) / high-resolution VUV

spectroscopy
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Motivation  Negative ion formation

Introduction

 electron transfer

 ion-pair formation

Experimental set-up

Results

 acetic acid
 pyrimidines
 nitromethane

Conclusions

Overview
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Motivation

Collisional ionisation processes between atoms A and molecules BC

A + BC

A+ + BC– (1) IPF by charge transfer

A– + BC+ (2) IPF by charge transfer

A+ + B– + C (3)
IPF by charge 

transfer/dissociative IPF

A+ + (B + C) + e– (4) Ionisation

AB+ + C + e– (5)
Chemiionisation w/ 

rearrangement

AB+ + C– (6)
Chemiionisation w/ 

rearrangement

AB + C+ + e– (7)
Chemiionisation w/ 

rearrangement

ABC+ + e– (8) Associative ionisation

A + B+ + C– (9)
Collision induced polar 

dissociation
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Motivation

Studying chemical reactions – understand radiation induced damage;
Collisional excitation and dissociation;
Site- and bond-selectivity (pyrimidines, purines, imidazole);
The role of the collision complex – pathways;
Competitive (even concerted) fragmentation mechanisms in pyrimidines
and purines.

Negative ions formation from molecular targets

[K+ + AB–]*

K+ + AB– K+ + A– + B K+ + A + B– K + AB*

Electron transfer in atom-molecule collisions:

Ko
hyp + AB 
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Motivation

access to parent molecular states which are not accessible in EA (states
positive EA);
role of vibrational excitation of the parent neutral molecule - collision
dynamics

DEA - resonances;
direct and statistical dissociation;
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Elab ≤ 1keV 

The crossed 
molecular 

beam setup in 
Lisbon
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Complex internal rearrangement yielding OH-

Meneses, Widmann, Cunha, Gil, da Silva, Calhorda and PLV. Phys. Chem. Chem. Phys. (2017) DOI: 10.1039/c6cp06375f
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Almeida, Antunes, Martins, Eden, Silva, Nunes, Garcia and PLV 
Phys. Chem. Chem. Phys. 13 (2011) 15657

Ptasinska et al. J. Chem. Phys. 123 (2005) 124302
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Site- and bond-selectivity

6-dimethyladenine

9-methyl adenine
1-methyl thymine 3-methyl uracil



Charge transfer processes in atom-molecule collision experiments

13

Autodetachment suppression &
Coulombic complex stabilization
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Phys. Chem. Chem. Phys. 15 (2013) 11431
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K + CH3NO2 and K + CD3NO2
uncertainty ≈ 20%
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Conclusions

• site– and bond–selective mechanism in purines;

• the electron donor can greatly affect the chemical pathways of the reaction
(e.g. CH3NO2);

• compared to an isolated TNI formed by free electron capture, the anion in
the vicinity of a K+ favours dissociation rather than autodetachment;

• K+ may delay autodetachment, allowing for intramolecular electron
transfer

• Branching ratios (uncertainties up to 20%) and the collision dynamics;

• Provide K+ energy loss profiles.


