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Introduction: Titan is a unique satellite in the So-
lar system, which have a dense atmosphere composed
mainly of nitrogen, argon, and methane [1]. Such a
composition of the atmosphere is favorable for pro-
duction of some simple organic molecules (C,H,,
C,H,, etc.) at high altitudes in the atmosphere due to
photochemical processes and an interaction with high-
energy particles [2]. Decent and accumulation of these
organics in the surface ice is considered as a possible
reason for coloring of Titan’s surface. An impact of a
large meteorite or a comet can produce a liquid water
reservoir, which is capable to exist before its freeze out
for hundreds and thousands of years [3]. The compli-
cation of organic species, which can be trapped from
surface ice into such crater ponds, is considered as a
possible process for the origin of Titan’s life [4]. Ex-
isted models do not consider the role of an impact it-
self in the production or degradation of organics in the
vicinity of the crater. There is a large number of works
showing the possibility of synthesis of complex or-
ganic molecules at reduced conditions under the action
of various energy sources. Hypervelocity impact itself
is generally considered as destructive process for or-
ganics because counteractions of space bodies usually
occur at high velocities with release of large energies,
which result in destructive for organics high tempera-
tures. But the expansion of the hot impact-generated
plume, its rapid cooling, and counteraction with the
environment also acts as an energy source capable of
production of organic species. Earlier we reported
about rather efficient synthesis of volatile organic
molecules during simulated impact-induced vaporiza-
tion of silicates in atmosphere of He and H, [5]. The
formation of nonvolatile organic components in such
processes was indicated by the abundance of carbon in
C-C and C-H bonding during investigation of the
forming condensates by methods of X-ray-
photoelectron-spectroscopy (XPS) [6]. The aim of the
present work was to investigate experimentally the
possibility of synthesis of complex organic molecules
from atmospheric methane in case of an impact of a
siliceous body on Titan's surface.

Experimental procedure: Our experiments were
performed using standard laser pulse (LP) technique
[7]. Special precautions were made to decrease the
background level of organic pollution and to avoid
contamination during experimental processing. A
sample of peridotite from mantle intrusions was
mounted in a sealed aluminum 450 cm’® volume cell.

Special glass tube and the optical front window formed
internal glass compartment. Six glass plates were
mounted inside this glass compartment for collection
of condensed products after simulated impact vapori-
zation of the sample. In one set of experiments the cell
was filled by a model Titan’s atmosphere composed of
N»2(90 mol%) and CH4(10 mol%) at room temperature
and pressure. In another set it was filled by pure meth-
ane. Estimated temperature of vaporization was in the
range 4000-5000 K. Condensed products were re-
moved from glass plates and afterwards organic prod-
ucts were extracted from this condensate by their dis-
solution in n-hexane. Chromatographic analyses were
done wusing «Pegasus 4D» chromatograph-mass-
spectrometer with time-of-flight analyzer (70 eV ioni-
zation energy). Separation of species was done using
RTX-5MS (30m) capillary silicon column (50°C (2
min.) —10°C/min. — 300°C (12 min.)). Computer proc-
essing was done using NIST libraries. Control experi-
mental runs were performed in a pure nitrogen atmos-
phere.

Preliminary results: Chromatographic analysis
shows the presence of rather complex hydrocarbons in
the mixture extracted from the experiment. An exam-
ple of the chromatogram is shown in Fig. 1. Hydrocar-
bons are mainly presented by alkanes (~50%), alkenes
(~40%), cyclic (~5%), and polycyclic (<1%) hydro-
carbons with degree of polymerization up to Cs.
About 5% of organics were presented by oxygen-
containing species. The quantity of polycyclic hydro-
carbons was sufficiently increased (up to 10%) in ex-
perimental runs in pure methane. Fig. 2 shows relative
quantities of organic species and Fig. 3 shows numbers
of molecule types vs. the number of carbon atoms in a
molecule. There is a slow decrease of produced quan-
tities of organic species with an increase of their com-
plication. In general, molecules with even numbers of
carbon atoms are more abundant compared to mole-
cules with odd numbers. We could measure only or-
ganics soluble in n-hexane but visually all the con-
densed material was heavily black (control runs pro-
duced light gray condensates) and did not loose that
color after hexane treatment. This indicates for the
presence of sufficient amount of kerogen like material
or soot.

Discussion and Conclusions: Experiments show a
rather efficient synthesis of complex organic molecules
during an impact related vaporization of silicates in
methane-containing atmospheres. The output of com-
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plex organic molecules is qualitatively sufficiently
higher compared to that in experiments in oxidizing
environment [8]. The presence of insoluble carbona-
ceous material makes it difficult to estimate the con-
version rate of carbon from methane into complex or-
ganics. We claim for heterogeneous catalysis on the
surface of glass nano-particles which are condensing
in the spreading cloud and fill-in its whole volume (see
Fig. 4.). The synthesis of organics in the present ex-
periment was performed by involvement of only car-
bon and hydrogen from methane. Titan's atmosphere
also has sufficient amount of nitrogen. The involve-
ment of nitrogen together with methane into the vapor
plume chemistry possibly can provide the synthesis of
amino-acids since amino- and carbonyl- groups were
also present in correlation with C-H bonds in the con-
densate in some LP experiments [9]. We did not find
any nitrogen-containing organics in our analysis and
the problem of their identification is still open.
Performed experiments show the principle possi-
bility of synthesis of rather complex organic com-
pounds from the atmospheric methane on Titan in the

phere. In combination with the production of a long
life warm oasis in the impact crater [3] impact-
produced complex organic species can be a good
source for the possible evolutionary complication to-
wards the hypothetical origin of life on Titan.
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Fig. 2. Relative quantities of hydrocarbons
0 —— paacth ke vs. the number of carbon atoms in a
Time (5) 2000 molecule.
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Fig. 1. A part of a chromatogram from an experiment in 20

N2(90%)+CH4(10%) atmosphere.
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Fig. 4. SEM picture of the condensed material
from an LP experiment. The scale bar is 1 pm.
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Fig. 3. Diversity of hydrocarbons vs. the
number of carbon atoms in a molecule.
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