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Amino Acids Formed from the EUV 
Irradiation of Naphthalene Containing 
Interstellar Ice Analogues

A simulation experiment of extreme ultraviolet(EUV) photolysis of naphthalene and water with ammonia icy 

sample was conducted in this work. After a long exposure to the EUV photons, CO, CO2 , CH4 , C2H6 , C3H8 and HNCO, 

OCN-, NH4+, CH3OH could be identified easily in the infrared spectrum. The left over residue of the irradiated sample 

after brought back to room temperature was analyzed by a typical hydrolysis process and thirteen amino acids 

were identified afterwards by a high performance liquid chromatography device. Alanine was found to be the 

most abundant amino acid in the residue. This result could imply that polycyclic Aromatic hydrocarbon maybe a 

significant source of interstellar carbon found in many organic molecules existing in the interstellar space.
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In a mimic environment of interstellar dust, we 

conducted this simulation experiment of photolysis of 

mixed H2O+NH3 ice plus naphthalene in an ultra high 

vacuum chamber. Although the relative composition of our 

sample is quite exaggerated in the carbon and nitrogen 

content, it makes the observed organic molecule formation 

more easily in the prepared sample. It was shown in several 

laboratory simulations that ultraviolet (UV) irradiation of 

interstellar ice analogues at low temperature containing 

CO, CO2, CH4 and/or CH3OH as carbon sources mixed with 

H2O and NH3 , leads to the formation of complex organic 

molecules1-4 including amino acids5-8. We found it can be 

expected for more organic compound to be formed in the 

ice sample with naphthalene as the only carbon source. The 

icy sample was kept at 15K and 5x10-10 torr during exposure 

to 4-20eV photons (UV/EUV range) provided by the High 

Flux beamline. 

Naphthalene is one of the simple polycyclic achromatic 

hydrocarbon (PAH) which was found ubiquitous in the 

universe lately.5,6 It was gradually accepted by astrobiologist 

that PAH may be one of the major source of carbon in the 

organic molecules found in our universe.9 A Perkin Elmer 

1600 Fourier Transform Infrared Spectrometer was used to 

monitor the molecular species remained or formed in the 

ice sample left over on the KBr substrate during photon 

irradiation. Figure 1 shows the infrared spectrum after hours 

of photolysis of UV/EUV in which CO, CO2 , CH4 , C2H6 , C3H8

and HNCO, OCN-, NH4
+, CH3OH could be identified easily. 

The CN bonding found in the ice sample was a precursor of 

large organic molecule formation in the UV/EUV photolysis 

process as discussed elsewhere.10

After exposed to UV/EUV photon for a dose of about 

1.6x1020 photons was reached, the sample was  brought up 
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to room temperature and a yellow-green residue are clearly 

visible on the KBr substrate. Figure 2 shows the microscopic 

picture of this residue. After 24 hours of hydrolysis at 

110oC, the sample was sent through an Agilent 1100 Series 

HPLC system for analysis. Thirteen amino acids present in 

our sample was identified. Figure 3 shows a HPLC trace of 

this residue. Alanine was found to be the most-abundant 

amino acid in our residue.9  The distribution of the amino 

acids identified in our organic residue is different from the 

results reported previously5-8, in which glycine, the smallest 

proteinaceous amino acid, was found to be the most-

abundant component. 

However, the fact that alanine is the most-abundant 

amino acid identified in our residue appears surprising 

since its lateral carbon chain consists of a small methyl 

(CH3 ) group. Another surprising result is the large variety 

of amino acids detected, showing that photodecomposed 

aromatic hydrocarbon compounds, where the carbon is 

totally reduced, can lead to the formation of both reduced 

and oxidized chemical functions. In particular, our work 

shows clearly that highly oxidized molecular groups such as 

carboxylic acids (COOH) can be formed efficiently from the 

UV/EUV photolysis of naphthalene.9

Fig. 1: FTIR spectrum of naphthalene:H2O:NH3

= 1:1:1 ice after exposed to the 4-20eV 
photons.

Fig. 2: UV/EUV irradiated residue of H2O +NH3

+C10H8 ice after bringing up to room 
temperature.

Fig. 3: Chromatograms of the organic residue 
produced after UV/EUV irradiation of 
the C10H8 +H2O+NH3 = 1:1:1 mixture 
with 4-20 eV photons at 15 K , measured 
with HPLC. Thirteen amino acids were 
identified in the organic residue. The 
intensity scale is given in arbitrary units.
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Experimental Station

Ultra high vacuum chamber with a closed cycle helium 

cryostat
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