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Oxides: SiO2, MgO, FeO, Fe2O3, TiO2, ZrO2, AlxOy

Silicon Carbide: SiC

a-Carbon

Sulfides: FeS, NiS

Silicates Olivine: (Mg,Fe)2SiO4
Pyroxene: (Mg,Fe)SiO4
Spinel: MgAl2O4
Diopsite: CaMgSi2O4
Melilite: (Ca,Na)2(Al,Mg)[(Si,Al)2O7]

Carbonates Calcite: CaCO3
Dolomite: CaMg(CO3)2

ISM, Comets and Interplanetary Dust Particles
inventory



The role of minerals and metal oxides on prebiotic processes. 
A general overview

• Minerals can accumulate the prebiotic precursors;

• Minerals can act as catalyst, reducing the activation 
energy for the formation of products;

• Minerals can tune the selectivity of prebiotic syntheses;

• Minerals may act as a template;

• Minerals are benign environments to preserve newly 
formed biomolecules from degradation;



Some Facts
ü Minerals: pivotal role in the prebiotic evolution of complex chemical
systems by

AdenineHypoxanthineCytosine Uracil

ü Study the photochemistry and the photophysics of biomolecules in the
presence of mineral matrices, to investigate both the survivability when
exposed to physical and chemical processes occurring in
extraterrestrial environments.

• mediating the effects of ion and photon radiation
• influencing the photostability of bio-molecules
• catalyzing important chemical reactions
• protecting molecules against degradation



Minerals: Metal Oxides, Hydroxides and Silicates (am & cry)

Molecules: Nucleobases, Nucleosites, Nucleotides, Aminoacids

DHN Glu Arg Leu Gly Isoval Nucleobeses Nucleosites Nucleotides

Oligoclasio X X X

Lizardite X X X X X

Pirite X X X X

Mimetite X X X X

Natrolite X X X X X

Serpentinite X X X X X

Brucite X X X X X

Olivine X X X X X

SiO2 X X X



Electron BeamLaser ablation

Synthetic Silicate Produced in Laboratory  

Amorphous  silicates

Fluffy Thin film



COMPLEX ORGANIC INTERSTELLAR MOLECULES
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Why Formamide?

• It’s a simple one C-bearing molecule. 
• It’s formed by hydrolysis of HCN.
• It’s active in synthesis of nucleobases.
•It’s observed in: 

ü ISM (Millar 2005); 
ü Hale-Bopp comet (Bockeleé-Morvan et al. 2000);
ü young stellar object W33A (Lopez-Sepulcre et al. 2015);
ü dense ISM IRS9 (Raunier et al. 2000)
ü Sun-like protostellar shock (Codella et al. 2017).



Saladino R., Crestini C., Neri C., Brucato J.R., Colangeli L. Ciciriello F., Di Mauro E., 
Costanzo G., ChemBioChem 6, 1, 2005

Thermal processing of liquid Formamide 
with & without dust
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Titanium dioxide Photochemistry

Anatase Rutile

hν e-

3.2 eV

hνe-

3.0 eV



R. Saladino, J.R. Brucato, ASTROBIOLOGY 2011

Anatase > 500 nm
Anatase < 100 nm

Biogenic Carboxylic Acids

TiO2 Rutile

Lactic acidGlycolic acid Pyruvic acid

Succinic acid

Malic acid

Oxalacetic acid
Ketoglutaric acid

Fumaric acid





Adsorption properties of nucleobases on minerals
nads/mmineral = KbCeq / (1 + KCeq)

Nucleobases adsorption order: 

adenine > uracil ≥ hypoxanthine > cytosine



Adsorption of Uracil, Uridine and UMP on Brucite

Ribose not involved in the adsorption (only weak outer-sphere interactions)
Strong interactions via Phosphate group



Ø Brucite selectively adsorbs nucleic acid components from dilute 
aqueous environments, suggesting a role in concentrating 
biomolecules in prebiotic conditions

Ø Brucite surface induces well-defined orientations of the 
molecules through specific molecule-mineral interactions, 
suggesting a role in assisting prebiotic self-organization, 
increasing molecular complexity and promoting chemical 
reactions towards more complex species 

T. Fornaro, J. R. Brucato, C. Feuillie, D.A. Sverjensky, R. M. Hazen, R. Brunetto, M. D’Amore, 
V. Barone, Astrobiology 2018, in press



UV IRRADIATION OF “BUILDING BLOCKS OF LIFE” 
ADSORBED ON MINERALS

hν



UV degradation kinetics
N(t)/N0 = Be-βt + c

N(t)/N0 fraction of unaltered molecules
β degradation rate
B fraction of interacting molecules
c fraction of non-interacting molecules

t1/2 half-lifetime
σ UV destruction cross section
Φtot total focused incident UV flux
A0 sample irradiated area

t1/2 = ln2 / β
β = σ Φtot / A0

• Cytosine and hypoxanthine have a greater photostability
• For adenine and especially uracil degradation was observed both
pure and adsorbed onto MgO and forsterite
• Minerals make degradation faster and more probable

Fornaro, T.; Brucato, J. R.; Pace, E.; Guidi, M. C.; Branciamore, S.; Pucci, A. Icarus 2013, 
226(1), 1068-1085.





Photoproducts bonds

Fornaro, T.; Brucato, J. R.; Pace, E.; Guidi, M. C.; Branciamore, S.; Pucci, A. Icarus 2013, 
226(1), 1068-1085.



Photoproducts
[2+2] Photocycloaddition

Main photoproduct:

Cyclobutane dimer
(CBD)



UV irradiation of Naphthol adsorbed on forsterite

UV irradiation at 80 K

S. Potenti, P. Manini, T. Fornaro, G. Poggiali, O. Crescenzi, A. Napolitano, J. R. 
Brucato, V. Barone, M. d’Ischia , PCCP 2018, submitted
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UV irradiation of Naphthol adsorbed on forsterite

S. Potenti, P. Manini, T. Fornaro, G. Poggiali, O. Crescenzi, A. Napolitano, J. R. 
Brucato, V. Barone, M. d’Ischia , PCCP 2018, submitted



UV irradiation of aminoacids (Arg and Leu)



Life-time (min) Cross-section (m2) x 10-26

Glutamic acid 1680 cm1 1.0 ± 0.5 2 ± 1

Glutamic acid 670 cm1 0.6 ±0.1 3.6 ± 0.7

Glutamic acid 1267 cm1 2.7 ± 3.5 0.8 ± 1.1

Leucine 1560 cm1 2.8 ± 0.6 0.8 ± 0.2

Leucine 670 cm1 2.8 ± 0.8 0.8 ± 0.3

Leucine 1530 cm1 2.2 ± 0.9 1.0 ± 0.5

Arginine 1070 cm1 0.26 ± 0.05 9 ± 2



𝐻"𝑁𝐶𝐻%𝐶𝑂𝑂 + ℎ𝜈	 → 𝐻"𝑁𝐶𝐻% + 𝐶𝑂𝑂

UV irradiation of Gly



Summary 

Photodegradation:
• We derived that the cross-section of photodegradation of adenine is very similar to 

that obtained in space experiment BIOPAN 6. 
• Adenine and uracil are fragile at VUV irradiation (t1/2 few hours).
• Changes in the photophysical behavior of nucleobases are highly dependent on the 

specific interactions with the mineral surface.
• Amino acids are photo-degradated faster in space simulated conditions. 
• Minerals have no protective effect against the UV radiation, instead they may be 

catalytic speeding up the degradation kinetics.

Thermodynamics of adsorption: 
• A physisorption process occurs predominantly;
• Hydroxyl plays a fundamental role in physisorption process.

IR spectroscopy analysis:
• Important shifts of the vibrational frequencies and  changes of the IR intensities 

occur when biomolecules are adsorbed on minerals.
• Band assignments based on gas-phase data could be misleading.
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