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POLYCYCLIC AROMATIC HYDROCARBONS VIA MULTICENTEB REACTIONS INDUCED BY 
SOLAR RADIATION, K. Roessler, G. Eich, A. Patnaik, E. Zbdor, Institut fur 
Chemie 1 (Nuklearchemie), Forschungszentrum JUlich, D-5170 JUlich, FRG 

It had been postulated recently that besides radiolysis and photolysis 
particle irradiation of solar system bodies by solar and T-Tauri winds and 
hot atoms from photon-induced dissociation may lead to the formation of 
complex organic molecules, such as the polycyclic aromatic hydrocarbons (PAH) 
found in meteorites and discussed for interstellar grains, comets and 
asteroids [1,2]. Projectiles penetrating a solid with high kinetic energy 
(E 1 2 eV) induce suprathermal (hot) reactions themselves or via secondaries 
formed by energy trpnsfer to target atoms [2,3]. 

In this study solid CH4 at 77 K was chosen as a deliberately simple 
example of an organic solid condensed in the early solar system. Suprathermal 
reactions of carbon atoms were studied by c clotron activation using 20 MeV J 3~e2t ions in the nuclear process 12~(3~e, He)l1c and by MARLOWE computer 
calclulations of collision cascades. The formation of products by prima- 
ries and 12c secondaries was followed by GC on Porapak- and HPLC on RP- 
columns via radioactivity-, FID-, and W-detectors, as well as GCIMS. A broad 
range of radiation fluence from to several 10 eV per target molecule 
(5.10~ to 10" Rad) was studied. A complex spectrum of organic products was 
formed (Fig. 1): olefines up to C6 with C H2 as a major product, aliphates up 
to C8, and cyclic compounds such as cyc I ohexane and benzene [4,5]. Most of 
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the compounds up to C5 were due to insertion of C into CH4 and subsequent 
reaction of the excited intermediate [~H-CH~I* via H-elimination and radical 
attack to the CH4 neighbors. Radiolysis increased somewhat the size of the 
molecules up to Cg. The mean HIC ratio of about 2, averaged over all 
products, did not change sigificantly with the dose. 

The most important finding, however, was a yield between 2 and 6% of 
nonvolatile organics, among them PAH's with 5 to 6 rings (dibenzpyrene, 
coronene) as major products (Fig. 2).These complex molecules (1 C20) cannot 
be formed by single center reaction. Computer simulation of carbon collisions 
in solid CH4 revealed the fact that at the end of a cascade u to 10 secon- 
dary hot 12~-atorns end in a region with a radius less than 10 1 (Figs. 3 and 
4) around the primary. Primaries and secondaries undergo similar suprathermal 
reactions, leading to a variety of reaction centers which are most likely to 
interact e.g. by radical combination. Lattice and bond energies are weakend 
inside a collision cascade, i.e. the region is activated for a short moment 
(N 10-l2 s e  allowing for the build-up of larger molecules. 

This new type of multicenter reaction will play an important role upon 
implantation into every kind of solid, but in particular in organic ones 
Taking into account the high fluence of solar wind on asteroids (> 2'10 2 4' 

2 ions cm' ) it seems reasonable to include these new type of primary-secondary 
carbon interactions in the discussion on the formation of complex organic 
molecules in space. 
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Fig. 1: Volatile products af- 
ter "C recoil in solid CH 
( 7 7  K) as a function o 
radiation dose. 
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Fig. 2: HPLC of non volatile pro- 
ducts after '% recoil in solid CH4 
( 77  K) together with PAH-standards 
(Rad. fluence 1 eV per target mole- 
cule). 
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Fig. 3: End of a typical collision 

3 cascade of 10 eV C in solid methane. 12 

Hot carbon atoms are shown only; 
projection onto (001) plane. 
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Fig. 4: Distance distribution of hot 
secondary carbons to the primary one 
in cascades of lo2 eV C in solid 
me thane. , 
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