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Keywords

 Meteorite: a piece of rock or metal that has fallen to the earth's surface from outer space
like a meteor.

 Formose reaction: involves the formation of sugars from formaldehyde. The term formose
is a portmanteau of formaldehyde and aldose

 (+)-Butanol/TFAA = trifluoroacetic anhydride
 BSTFA = N,O-bis(trimethylsilyl)trifluoroacetamide
 MTBSTFA = N-tert-butyldimethylsilyl-N-methyltrifluoroacetamide

 Stochastic: having a random probability distribution or pattern that may be analyzed 
statistically but may not be predicted precisely.
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Overall Scheme

Experiments Analysis/Detection Products

Irradiation of ices at 12 K 

1) H2O: CH3OH in 2:1 + UV
2) H2O: 13CH3OH in 2:1 +UV
3) Blank + UV
4) H20 + UV
5) H2O: 13CH3OH in 2:1

GC-MS methods

1) (+)-butanol/TFAA (identification 
and separation of enantiomers)

2) BSTFA (identification of sugar 
derivatives containing 3 or more 
derivatizable groups)

3) MTBSTFA (identification of 
smaller deoxysugar derivatives that 
contain only two OH groups

Sugars, 
Deoxysugars,
Deoxysugar alcohols,
Deoxysugar acids



Experimental Method

Irradiation of ices at low temperature.

 Gas mixtures were prepared in a glass line (background pressure: ~10−6 mbar) by
mixing the vapors of H2O and either CH3OH or 13CH3OH in a glass bulb (volume: 2.09 L).

 Ratios between mixture components were determined by their partial pressure (±0.05
mbar).

 Typical residues were produced from H2O:CH3OH (2:1) and H2O:13CH3OH (2:1) ice
mixtures in which totals of 1.23 mmol of H2O and 0.61 mmol of CH3OH or 13CH3OH
were co-deposited at rates of about 1.7 µmol min−1, while being simultaneously
irradiated for 17–19 h with photon doses of 0.35–0.39 photons molecule-1.

 The UV source used was a microwave-powered H2-discharge UV lamp.

 After simultaneous deposition and irradiation, samples were warmed under static
vacuum to room temperature at about 0.75 K min-1, at which time each residue
covering the substrate was taken with 200 μL of H2O and transferred into a clean,
prebaked (500 °C) vial for further analysis.



Experimental Method

Analysis of laboratory residues at room temperature:

1) Each H2O-dissolved residue was divided into smaller aliquots and analyzed with

three different GC-MS methods.

2) Before any derivatization, each aliquot was dried in a desiccator under vacuum for

1–2 h.

3) The three derivatizations methods used in this work are:

(a) (+)-butanol/TFAA (identification and separation of enantiomers),

(b) BSTFA (identification of sugar derivatives containing 3 or more derivatizable

groups),

(c) MTBSTFA (identification of smaller deoxysugar derivatives that contain only

two OH groups).
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Detection of Deoxyribose



Production of indigenous compounds vs. contamination



Deoxysugar alcohols



Identification deoxysugar alcohols in meteorites





Formation mechanism

 The formation mechanisms for deoxysugar derivatives under experimental conditions
simulating ice photochemistry in cold astrophysical environments are difficult to
determine, due to the stochastic nature of the chemical processes taking place in the
ice matrix.

 Indeed, the energy of the incident UV photons is sufficient to break chemical bonds
and ionize species, resulting in the release of H atoms together with OH, CH3, CH2OH,
and CH3O radicals and ions from the photolysis of H2O and CH3OH.

 In addition, a formose-type mechanism is expected to yield sugars as the majority
products, including branched compounds, but no deoxysugar derivatives.



Conclusion

 All the residues produced in this work contained a wide variety of sugars, sugar alcohols,
and sugar acids.

 In addition to these common sugar derivatives, they identified several deoxysugars,
deoxysugar alcohols, and deoxysugar acids.

 This is the first definitive identification of a deoxysugar in laboratory ice photolysis
residues.

 Decreasing order of abundance-
 sugar alcohols > sugars > sugar acids

 In particular, the presence of both sugar and deoxysugar derivatives in laboratory
residues and meteorites compounds favours ice photochemistry over a formose-type
reaction mechanism for their formation.

 However, the formation mechanism and meteoritic distribution of these compounds
need to be studied in more detail.


