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Detection of nucleobases and
dipeptides in organic residues
formed by photochemical reactions
in interstellar ice analogs
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How large can molecules become and what kinds of
biologically important molecules can be synthesized before
the onset of life are fundamental issues of interest in
astrobiology and astrochemistry communities. With this
regard, a number of laboratory experiments have been
performed since the early 80’s and demonstrated that various
kinds of complex molecules such as amino acids and sugars
can be formed at low temperatures by photochemical
reactions in interstellar ice analogs consisting of simple
molecules [1]. In the present study, we aimed at detecting
new classes of organic compounds in the photochemically
processed interstellar ice analogs by wusing a high-
performance liquid chromatograph (HPLC) coupled with a
high-resolution mass spectrometer (HRMS) .

We firmly detected for the first time six nucleobases and
five dipeptides in organic residues formed after the photolysis
of ice mixtures consisting of H20, CO, NH3, and CH30H at
the ratio of 5:2:2:2 at 10 K, followed by heating to room
temperatures. The yields of the products (in ppm) ranged
from 4 x 107 to 4 for nucleobases and 4 to 42 for dipeptides.
Note that we did not perform experiments specifically aimed
at producing those molecules. Rather, since this kind of
photolysis of interstellar ice analogs has been performed for
several decades, nucleobases and dipeptides would have been
produced in many of previous similar experiments. One of the
key factors to detect those molecules in the present study is
the use of the HPLC/HRMS which enabled ones to
unambiguously detect nucleobases and dipeptides among
various kinds of their structural isomers. Another factor for
the detection of nucleobases would be the temperature at
which the photolysis takes place. We strongly expect that the
temperatures where CO can adsorb on the reaction substrate
such as 10 K might be suitable for the production of
nucleobases in the interstellar ice analogs.
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