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Pathways to Meteoritic Glycine and 
Methylamine
José C. Aponte, Jamie E. Elsila, Daniel P. Glavin, 
Stefanie N. Milam, Steven B. Charnley, and  
Jason P. Dworkin
DOI: 10.1021/acsearthspacechem.6b00014
Abstract: Glycine and methylamine are meteoritic 
water-soluble organic compounds that provide insights 
into the processes that occurred before, during, 
and after the formation of the Solar System. Both 
glycine and methylamine and many of their potential 
synthetic precursors have been studied in astrophysical 
environments via observations, laboratory experiments, 
and modeling. Despite these studies, the synthetic 
mechanisms for their formation leading to their 
occurrence in meteorites remain poorly understood. 
Typical 13C-isotopic values (δ13C) of meteoritic glycine 
and methylamine are 13C-enriched relative to their 
terrestrial counterparts; thus, analyses of their stable 
carbon isotopic compositions (13C/12C) may be used not 
only to assess terrestrial contamination in meteorites 
but also to provide information about their synthetic 
routes inside the parent body. Here, we examine potential 
synthetic routes of glycine and methylamine from a 
common set of precursors present in carbonaceous 
chondrite meteorites, using data from laboratory analyses 
of the well-studied CM2 Murchison meteorite. Several 
synthetic mechanisms for the origins of glycine and 
methylamine found in carbonaceous chondrites may 
be possible, and the prevalence of these mechanisms 
will largely depend on (a) the molecular abundance of 
the precursor molecules and (b) the levels of processing 
(aqueous and thermal) that occurred inside the parent 
body. In this work, we also aim to contextualize the current 
knowledge about gas-phase reactions and irradiated 
ice grain chemistry for the synthesis of these species 
through parent body processes. Our evaluation of various 
mechanisms for the origins of meteoritic glycine and 
methylamine from simple species shows what work 
is still needed to evaluate both the abundances and 
isotopic compositions of simpler precursor molecules 
from carbonaceous chondrites as well as the effects 
of parent body processes on those abundances and 
isotopic compositions. The analyses presented here 
combined with the indicated measurements will aid a 
better interpretation of quantitative analysis of reaction 
rates, molecular stability, and distribution of organic 
products from laboratory simulations of interstellar ices, 
astronomical observations, and theoretical modeling.

Biological Impacts on Carbon Speciation 
and Morphology of Sea Spray Aerosol
Don Q. Pham, Rachel O’Brien, Matthew Fraund, Daniel 
Bonanno, Olga Laskina, Charlotte Beall, Kathryn A. 
Moore, Sara Forestieri, Xiaofei Wang, Christopher 
Lee, Camille Sultana , Vicki Grassian , Christopher D. 
Cappa, Kimberly A. Prather‡, and Ryan C. Moffet 
DOI: 10.1021/acsearthspacechem.7b00069
Abstract: Sea spray aerosol (SSA) can have complex 
carbon speciation that is affected by biological conditions 
in the seawater from which it originates. Biologically 
derived molecules can also interact with other longer-
lived organic and inorganic carbon species in the sea 
surface microlayer and in the process of bubble bursting. 
An isolated wave channel facility was used to generate 
sea spray aerosol during a 1 month mesocosm study. 
Two consecutive phytoplankton blooms occurred, and 
sea spray aerosol was sampled throughout. Scanning 
transmission X-ray microscopy coupled with near-edge 
X-ray absorption fine structure spectroscopy (STXM-
NEXAFS) was used to determine spatially resolved carbon 
speciation within individual particles from 0.18 to 3.2 
µm. During phytoplankton blooms, coarse-mode particles 
exhibited an increased abundance of carboxylic acid-rich 
needlelike structures. The extent of organic enrichment 
in fine-mode particles correlates with the occurrence of 
aliphatic-rich organic species, as detected by an intense C 
1s → σ(C–H)* excitation. These aliphatic-rich species had 
a strong association with graphitic carbon, as detected 
by a C 1s → σ* exciton excitation. This enrichment was 
unique to particles collected in the aerodynamic size 
range 0.18–0.32 µm and corresponded with the decrease 
in hygroscopicity. Aliphatic organics can significantly 
suppress the particle hygroscopicity when they replace 
salt, thus influencing the effect of sea spray aerosol on 
light scattering and cloud formation. These results suggest 
that graphitic carbon is concentrated in the sea surface 
microlayer during phytoplankton blooms and released 
through wave action. These results may have implications 
for radiative transfer and carbon cycling in the ocean–
atmosphere system.
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