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Free Electron Lasers @

FELIX Laboratory 

Nijmegen

FELIX - Free Electron Laser for

Infrared EXperiments
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• strongly bound species

Infrared Multi-Photon Dissociation

= action spectrosocpy

Mn4O4(H2O)+
Mn4O4

+

Mn4O4(H2O)+

• molecule activation

• metal-metal

• metal-oxygen

spectral range:  5-100 mm

2000-100 cm-1

pulse energy:  5J @ 1 GHz



Production of

Magnesium Silicates

Guiu et al., ACS Earth Space Chem. (2022) 6, 2465

laser ablation of a Mg:Si = 2:1 target @ 1% O2/He

identification of 

• MgO6,8,10
+ / Mg2O5,7,9

+

• (MgSiO3)(O2)1,2,3,4
+ → pyroxene??

• (Mg2SiO3)(O2)2,3,4
+ → structure??

→ highly oxidized clusters

silicate dust: 

• pyroxene (enstatite) composition 

(MgSiO3)

• olivine (forsterite) composition 

(Mg2SiO4)
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• cationic (MgSiO3)
+ readily adsorb O2

→ new oxygen reservoir??

• Mg atom binds to (MgSiO3)
+ core 

→ simple initial step in grain growth??

• amorphous silicates: ∼0.08 eV

• (MgSiO3)
+ are structurally robust

• rather strong binding of oxygen

 0.48−0.6 eV

 (MgSiO3)
+(O2)3: ozone like O3: 4.3 eV

 (Mg2SiO3)
+(O2)3: super-oxo like O2: 

1.47 eV
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Summary

Combining Reaction Studies and IR SpectroscopyCombining Reaction Studies and IR Spectroscopy

• determination of cluster structures

• insight in cluster growth process

• insight into cluster chemistry

Pyroxene (MgSiO3)
+ MonomersPyroxene (MgSiO3)
+ Monomers

Ultra-Small Silica ClustersUltra-Small Silica Clusters

• gas-phase formation of pyroxene (MgSiO3)
+ monomers

• facile and strong adsorption of oxygen (ozone- and super-oxo-like)

• binding of Mg atom

• dissociation of water

• stabilization of relaxed 3D structure through hydroxylation

• characteristic band at 1200-1150 cm-1?

• dissociation of CO2
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