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Introduction:  The Cassini-Huygens mission pro-

vided recently measurements of the abundance of ni-
trogen isotopes in the Titan’s atmosphere. The 14N/15N 
ratio in the two most abundant N-bearing molecules in 
Titan’s atmosphere were found to be 183±5 for N2 [1] 
and 56±8 for HCN [2]. HCN is therefore about three 
times richer in the heavier isotope 15N than its potential 
photochemical precursor N2, implying an important 
fractionation process in the HCN production chain. 
This enrichment is tentatively attributed to an isotopic 
selectivity of the molecular nitrogen photodissociation 
[3-4]. Another important nitrogen reservoir in Titan’s 
atmosphere consists of aerosols, presumably produced 
by photochemical reactions initiated by nitrogen and 
methane photochemistry. As HCN is a possible precur-
sor for aerosol polymerization [5-6], the 15N en-
richement observed in HCN may be linked to the 
polymerization process. Nevertheless, no data exists on 
the isotopic nitrogen abundance in Titan’s aerosols, 
and this question remains open. To address this issue, 
experimental simulation is therefore required. 

In order to better understand the chemical pathway 
for Titan’s aerosols and their chemical and physical 
characteristics, several experiments were dedicated, in 
the last twenty years, to the synthesis of analogues of 
these aerosols [7-12]. Among them, the plasma reactor 
PAMPRE installed in LATMOS (Guyancourt, France) 
provides a comprehensive dataset on both tholins and 
gas phase chemistry, which have been inferred to be 
representative of Titan’s ionosphere chemical mecha-
nisms [13-14].  

We have investigated the isotopic composition of 
nitrogen trapped in tholins synthetized in the PAMPRE 
reactor to decipher between chemical pathways for 
aerosols synthesis, and to better understand nitrogen 
cycle in Titan’s atmosphere. Here, we report bulk δ15N 
measurements of PAMPRE tholins and discuss the 
implications for aerosols chemical pathway in Titan’s 
atmosphere in the light of isotopic composition of Ti-
tan’s atmospheric N2 and HCN. 

Experimental:  The PAMPRE experimental setup 
consists in a RF-plasma discharge driven in a N2-CH4 
gas mixture at room temperature. Ionization and disso-
ciation of both initial gases produce solid particles 
which fall in a glass vessel surrounding the electrodes 
(see fig.1). So far, three different initial conditions 
have been tested : i) 1% CH4, ii) 5% CH4 and iii) 5% 
CH4 with a variable amount of noble gases added (less 

than 13%), all mixed with N2. All these experiments 
were run in a 55 sccm influx gas mixture at a total 
pressure of about 1 mbar [11]. After a typical 4h pro-
duction, tholins were collected for ex-situ analyses. 

 

 
 
Figure 1 : PAMPRE plasma experiment 
 
Nitrogen isotope ratios were measured at CRPG 

Nancy (France) for both the tholins and the initial N2 
gas, using an isotopic ratio mass spectrometer connect-
ed to an elemental analyzer (EA-IRMS). Each sample 
was analyzed at least twice and the δ15N external re-
producibility of standards (2σ) was 0.35‰. The δ15N 
value (relative to ATM) of the starting N2 gas used in 
the experiment was 3.5 ±0.4‰ (2σ). 

Two of the samples were also analyzed by static 
mass-spectrometry, also at CRPG France [15]. The gas 
was extracted from the solid particles by stepwise py-
rolysis (150-950°C) and was purified in a high vacuum 
static line before analyse. Typical blanks were less 
than 1% of the sample gas and the external reproduci-
bility of the air-standards for this method was 2.1‰ 
(1σ).  

Results and discussion: The δ15N values of the 
synthesized products range between -21‰ and -26 ‰. 
No distinction between the three experimental condi-
tions can be made at that point. The data from stepwise 
pyrolysis extraction method show no variation within 
errors of the δ15N with the temperature of extraction 
(see fig. 2). The weighted average of δ15N over all py-
rolysis steps, obtained by static mass spectrometry, is 
similar within errors to the EA-IRMS measurements. 
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From this result we can infer that tholins are composed 
of only one isotopic component for nitrogen.  

The 15N-depletion measured in tholins compared to 
the N2 starting gas is equivalent whatever the initial 
experimental conditions investigated so far. This result 
points out that this isotopic fractionation occurs during 
the N2-dissociation process and  is propagated through 
polymerization into the solid particles. None the less, 
this surprising 15N-depletion measured in tholins con-
trasts with the 15N-enrichment, both calculated and 
observed in Titan’s atmosphere for the HCN molecule 
[1-4]. Such a discrepancy will be discussed and further 
results from new experimental analogues of aerosols 
and also from analyses in the gas HCN produced in the 
experiment wil be presented. 

 
 

 
 
Figure 2: Stepwise pyrolysis results : δ15N as a 

function of temperature extraction in tholins resulting 
from a 95-5% N2-CH4 gas mixture experiment.  
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