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Introduction: 13C-enrichment is one of the representative characteristics of meteorite’s small organic 

compounds such as amino acids, nucleobases, and sugars [1-3]. The reason for this enrichment has not been clear 

but discussed as the contribution of 13C-enriched organic compounds formed in extremely cold outer protosolar disk 

or the molecular cloud [e.g., 1, 2]. Conversely, IOM, the major organic matter in carbonaceous chondrites, is 

depleted in 13C [4]. The different enrichments of 13C in the different organic compounds in the same meteorites may 

provide useful information on their origins. 

Formose-type reaction is one of the proposed mechanisms on the origin of IOM, amino acids, and sugars found 

in meteorites [2,5,6]. We hypothesized that kinetic isotope fractionation in this type of reaction created different 

enrichment of 13C in different product organics and conducted the simulation experiments. 

Experimental: Aqueous solution containing formaldehyde (13C = −42.6‰), glycolaldehyde (13C = −16.7‰), 

ammonia, and calcium hydroxide was heated at 80C for up to 90 days. Yields of amino acids, amines, carboxylic 

acids, formaldehyde, and IOM were analyzed with LC-MS and GC-MS. The 13C values of amino acids, IOM, and 

the bulk solution were analyzed with gas chromatography–combustion–isotope ratio mass spectrometry (GC-c-irMS) 

and elemental analyzer isotope ratio mass spectrometry (EA-irMS). 

Results and Discussion: The product solution contained both soluble and insoluble organic matter. The 

insoluble organic matter was regarded as IOM analog. The IOM analog has close 13C values to the bulk aldehydes 

in the starting material (i.e., 13C  −30‰), whereas the product amino acids were enriched in 13C by up to 47.8‰ 

than the product IOM analog. This difference is consistent with the difference of 13C values of -amino acids and 

IOM in primitive carbonaceous chondrites. This difference would have been provided by the kinetic isotope effects 

in this reaction. The reaction consumed formaldehyde rapidly with the latter formation of amino acids. This 

indicates that amino acids were formed using remaining formaldehyde that was enriched in 13C by kinetic isotope 

effects during the formaldehyde consumption before amino acid synthesis. Compositions of amines and carboxylic 

acids are similar to their compositions in the Murchison meteorite.  

These results indicate that the formose-type reaction simultaneously forms 13C-enriched amino acids with 13C-

depleted IOM. This type of reaction might have happened in asteroids and the proto-solar disk because both thermal 

and photochemical formose reaction is possible. Therefore, 13C-enriched organic compounds formed in the 

extremely cold solar system were not needed to explain the 13C-enriched small organic molecules in meteorites. 

Alternatively, thermal/photochemical formose-type reactions in the protosolar disk and in asteroids created the 

isotope enrichments in a wider area of the early solar system. 
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