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• Silicates are most abundant solid in the Universe.

• ~10% of interstellar Si could be in nanosilicate grains

• Important so chemistry can happen!

• Most of the information comes from IR observations

WHERE ARE SILICATES FORMED IN SPACE?
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ARE OUR MODELS  
ACCURATE?

WE NEED 
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WE HAVE MODELS FOR NANOSILICATES

ONLY EXPERIMENTS FOR BULK SILICATES AVAILABLE!
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ARE OUR MODELS  
ACCURATE?

WE NEED 
EXPERIMENTS!

WE HAVE MODELS FOR NANOSILICATES

EXPERIMENTAL COLLABORATORS!
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Free Electron Laser for Intra Cavity Experiments

EXPERIMENTAL SET-UP
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• Cationic magnesium-rich silicate clusters produced by pulsed laser ablation.

• Presence of oxygen during the cluster’s formation.

• Stoichiometry determined by mass-Spectroscopy.

• Obtained the IR spectra of the clusters.

EXPERIMENTAL RESULTS

MgSiO9
+ Mg2SiO9

+
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TIME TO MODEL NANOSILICATES
• Assume cationic silicate core interacting with oxygen molecules.

• Cores obtained from global optimization searches using force-fields.

• Refinement of  the structures using DFT-PBE0.

PBE0 good for IR spectra compared with high level of theory data1

1ACS Earth Space Chem. 2021, 5, 4, 812–823
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TIME TO MODEL NANOSILICATES
• Assume cationic silicate core interacting with oxygen molecules.

• Cores obtained from global optimization searches using force-fields.

• Refinement of  the structures using DFT-PBE0.

• Systematic sampled positions of the oxygen molecules.

O Mg Si

Dispersive non-
bonded interactions 

included (TS method) 

PBE0 good for IR spectra compared with high level of theory data1

1ACS Earth Space Chem. 2021, 5, 4, 812–823
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TIME TO MODEL NANOSILICATES

0 eV 0.16 eV 0.20 eV

0 eV 0.43 eV 0.44 eV 0.53 eV

MgSiO9
+

Mg2SiO9
+

0.48 eV

5

MOST STABLE ISOMERS FOUND
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WHAT DO WE HAVE SO FAR?
EXPERIMENTS MODELS

Stoichiometry determination

IR spectra

COMPUTATIONAL SPECTRA 
TO CONFIRM MODELS
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COMPARE IR SPECTRA
Si18Si16

MgSiO9
+ 

EXPERIMENT
• Good agreement between
experiment and models.

• Silicate core responsible for the
majority of the signals.

• Ozone-like structure stretching
explains experimental band IV

7OUR MODELS ARE GOOD FOR MODELLING IR SPECTRA!
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ASTRONOMICAL RELEVANCE

I’m perfect 
for infrared!

• Models correctly reproduce the IR spectra of nanosilicates.

• Most information about silicates come from the infrared.

• James Webb Space Telescope will allow to confirm
nanosilicates presence in space.
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ASTRONOMICAL RELEVANCE

• Nanosilicates population with different size/composition

• Spectrum different than bulk silicates!

• Looks like a shifed version of bulk silicates spectra

• Intensity below 18 and 10 microns
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ASTRONOMICAL RELEVANCE

HOPEFULLY, JAMES WEBB WILL SEE FEATURES THERE
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ASTRONOMICAL RELEVANCE

Near-infrared Mid-infrared

Dying star

Ejected silicate dust
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