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Introduction:  Titan is a planet-size organic 

reactor where building blocks of life are being 

generated as they might have been created 4 billion 

years ago on Earth. In Titan’s upper atmosphere, UV 

light, energetic electrons from Saturn’s magnetosphere 

and cosmic rays allow an efficient transformation of 

the main atmospheric constituents N2 and CH4 into 

more complex organic molecules and high-molecular-

weight organic solids known as tholins, forming haze 

layers [1, 2]. In the lower atmosphere, the presence of 

methane clouds layers may induce electrical activity 

like lightning and electrical and corona discharges 

could be another source of tropospheric production of 

chemical species and tholins [3, 4]. Over geologic 

time, both tholins and condensates of the organic gases 

accumulate in substantial amounts on the surface as 

liquid and solid. Until recently, researchers have been 

speculating about what might be happening after these 

molecules get to Titan surface. Titan's thick 

atmosphere protects the surface and organics from 

ultraviolet radiation. The condensed atmospheric 

organics may be partially or totally dissolved at the 

surfaces in ponds or lakes of cold liquid hydrocarbons 

(ethane, propane). High energy cosmic rays reaching 

the surface of these lakes may induce new organic 

processes involving the main and minor constituents 

[5]. The condensed atmospheric organics may also 

react with the frozen surface under meteoritic impact 

bombardment [6] and lead to the formation of products 

relevant to life [7] such as amino acids, carboxylic 

acids [8], purines and pyrimidines [6]. Subsequent 

impacts would probably also have recycled some of 

the organic material back into the atmosphere [9]. 

Furthermore the presence of condensable agents (C2N2, 

HCN, etc.) along with a natural concentrating 

mechanism makes polymerization of amino acids or 

others species likely [9]. Titan's surface may be the 

place of interesting organic chemistry occurring and 

despite of such significant consideration, it is still 

poorly understood and investigated. 

Here we have decided to study the effect of meteoritic 

impacts on the organic chemistry occurring on Titan 

surface and to investigate the fate of tholins once 

condensed into the icy surface and bombarded by 

meteoritic impacts. 

Experiments:  A solid-state Q-switched Nd-YAG 

pulsed laser has been used to simulate meteoritic 

impacts. The correspondence of high irradiance in 

pulsed laser ablation (>1 GWcm
−2
) with hypervelocity 

impacts up to 10
2
 km s

−1
 has been confirmed recently 

by Kadono et al. [10] and Sugita et al. [11]. We have 

already carried out laboratory simulations of meteoritic 

impact shocks onto icy surfaces of planetary icy 

satellites [12], but the study was not related to Titan. 

Results have shown that the new technique we 

developed using a high-energy laser combined with 

GC-MS and FTIR was successful in testing the 

chemistry behavior of simulated impacts [12]. 

Undoubtedly they have motivated us to further explore 

in laboratory this topic, performing new experiments 

applied specifically to Titan’s environment. 

The first experiments consisted in ablating pure 

water ice with Titan tholins deposited above the ice at 

77 K with the pulsed laser (laser pulse input energy = 

100 mJ, beam wavelength = 1064 nm, pulse duration = 

10 ns, pulse repetition rate = 10 Hz) (Fig. 1). The 

focused spot size was determined to be 600 µm in 

diameter which leads to an energy deposition rate (or 

irradiance) of about 3.5×10
9
 Wcm

-2
. 

 

 
Figure 1.  Picture of the experimental set-up to simulate 

meteoritic impact on Titan’s surface. 
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In the present experimental study we have 

examined the chemical changes of impacted tholins 

and the formation of complex organic compounds such 

as amino acids, hydroxy acids, carboxylic acids, 

heterocylces and nucleotide bases in the impacted ice. 

Tholins chemical changes have been inspected by 

FTIR diffuse reflectance spectroscopy in the 

VIS/NIR/Mid-IR/Far-IR spectral range. The 

identification of amino acids, hydroxy acids, 

carboxylic acids and nucleobases has been done by 

GC-MS according to the analytical procedure of Ruiz-

Bermejo et al. [13]. 

First results:   

Analysis of complex organic compounds.  Only 

urea and glycine have been detected after impacting 

ice with Titan tholins. For comparison we have 

analyzed the products of dissolution of tholins in water 

without impacting them in 2 cases, (1)-without 

hydrolysis with HCl, (2)-after hydrolysis with HCl. In 

the case (1): urea, 2,4-diamnopyrimidine (amino acid), 

oxalic acid (carboxylic acid), parabanic acid 

(heterocycle) and 5-hydroxy hydantoin (heterocycle) 

have been detected. In the case (2): urea, amino acids 

(alanine, glycine, β-alanine), carboxylic acids (oxalic 

acid, acetic acid, succinic acid, 2-ketoisovaleric acid, 

tricarballylic acid, ethylmalonic acid, leuvinic acid 

enol, adipic acid) and heterocycles (5-hydroxy 

hydantoin, cytosine, 2,4,6 trihydroxy-1,3,5-pirazine) 

have been identified. These first results show that urea 

appears to be in any case (after impact, after 

dissolution in water and after hydrolysis with HCl) the 

most abundant product from tholins reaction when in 

presence of water. At this stage of the experimental 

study, further experiments must be performed for a 

conclusive discussion. 

Reflectance spectroscopy of impacted Titan tholins.  

The structural change of impacted tholin (with water 

ice) and non-impacted tholin have been first examined 

by measuring their reflectance from 50 to 23000 cm
-1
 

(Fig. 2). The spectrum of the impacted tholin shows 

identical absorption bands as the initial tholins but less 

intense. The interesting result is the appearance in the 

MID-IR of a new band at 2031,85 cm
-1
 (4.9 µm) on the 

impacted tholins (Fig. 3), close to the 4.6 µm (2173 cm-

1) band of –C≡N. The identification of the assignment 

of this 4.9 µm band is still under discussion. It could 

be due to the absorption of diazo compounds with the 

group C=N
+
=N

-
 (asymmetric stretching CNN) or 

ketenimines C=C=N (asymmetric stretching). 

Figure 2.  Laboratory reflectance spectra of initial Titan 

tholin (blue) and impacted Titan tholins (red) from the 

visible to far-IR spectral range. The grey area is a region that 

can not be measured correctly because it is near the 

wavelength of the He-Ne laser of the FTIR instrument. 

 

Figure 3.  Appearance of a new absorption band at 2031,8 

cm-1 (4.9 µm) in the spectrum of the impacted Titan tholin 

(red). The 2173 cm-1 band (4.6 µm) is assigned to the nitrile 

(–C≡N) functional group, commonly found in all Titan 

tholins spectra. 
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