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Abstract: Chemical processes initiated by electrical disgbarin prebiotic atmospheres

like at Titan became a hot topic during the lastadie because of extensive discovering of
exo-planets. The presented contribution givesitse PTR-TOF measurements of the main
compounds formed in the glow discharge in nitrogethane gaseous mixture with

oxygen traces at temperature of 77 K and atmosphamssure. The life precursor

molecules like formamide were observed in significamount.
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1.Introduction experiments: pure nitrogen with flow of 200 Sccm,

Laboratory mimic studies of processes running i thnitrogen with addition of 5 Sccm of methane andshame
exo-planetary atmospheres became a hot topic dtlizng mixture enriched by oxygen or G@ith flows of 1 Sccm.
last years because many exo-planets were discovergd Pressure in the reactor was kept as atmospheriahend
recently and their number increases very rapididischarge current was kept at 25 mA (corresponding
Moreover, the successful space missions like Cassipower was 9 W).
Huygens bring a huge number of data from the in sit The reactor was placed into the Dewar vessel félély
observations that are impossible using the eartiquid nitrogen up to level 2 cm above the elect&rod
techniques [1-3]. The main interest is focused be t system. The gas mixture composition was controligd
search of life traces or life molecular precursarsed Bronkhorst MCFs. Used gasses were of the following
consequent discovering the possible ways leadintpeo purities: nitrogen 99.999%, methane 99.95%, oxygen
life origins formation. The majority of studies wer 99.5% and C@of alimentary quality.
carried out in the Titan’s atmosphere up to knowabse
there are many in situ available data and its gpimere ‘ C/Ps

. *

seems to be very similar as the Earth’s one bdfwdife 1
creation [3-5]. Besides the planetary atmospher
processes initiated by UV and VUV radiation anc
particles fluxes coming from the space, the elealri
discharge phenomena can play an important roléen t
planetary atmosphere chemistry [6]. Lightning wa
confirmed in more planetary atmospheres [7, 8]. Th 7
planetary scale processes can be simulated byaltivgr
experiments using various discharges: corona an® DE
conditions are similar as the St. EImo’s fire, &pand arc
relates to the lightning, and corona and glow cimas ~ Fig. 1. Scheme of the experimental set up: 1 —>Pgl@ss

are similar to conditions in aurora borealis. Ngaall ~ reactor vessel; 2 — mass flow controller; 3 — cathel —
laboratory studies of Titan atmosphere dischargimied  anode; 5 — heated exhaust gas sampling line; 6terpr
processes were carried out at ambient temperaames transfer reaction time of flight mass spectromete;
pressure up to now that are not fully reflecting tieal liquid nitrogen vessel; 8 — membrane manometer.
Titan surface conditions. The presented study gthes

first results obtained by glow discharge generatethe ~ The exhaust gas analysis was examined by proton
Titan like atmosphere (nitrogen-methane mixture}tia transfer reaction time of flight (PTR-TOF) mass

7 _|3

flowing regime at the liquid nitrogen temperatuse 9]. spectrometry allowing continual in situ complex lgaes
of the discharge exhaust gas. Advantage of thisnigoe
2.Experimental is the immediate response and the simultaneoustitete

The experiment was carried out in the simple glassf all compounds with proton affinity higher tharomn
reactor (see Fig. 1) equipped by a pair of tungsteh affinity to water molecules. Thus it is not senadtito any
electrodes (diameter of 1 mm) in the distance ofl for  of the gasses in the reaction mixture. Unforturyatiélis
the glow discharge creation. Two sets of experimentmpossible to distinguish isomers. The whole lineade
were completed. The first one was carried out ia thof PTFE and stainless steel) to the PTR-TOF mass
nitrogen-methane mixture (200 + 1 Sccm) at theesusr spectrometer was heated up to 80 °C to avoid digeha
of 10, 20, and 30 mA (corresponding powers of 3.8, products condensation (on the other hand, it akbwe
and 10.5 W) at the atmospheric pressure. Fourrdiffe decomposition of various clusters formed by the
mixtures were used for the second part of thdischarge at low temperature). Experiments were



completed according to the following scheme shown ipresence. There is no reason for this besides the

Table 1. secondary formation of HCN molecules from some bigg
clusters deposited (trapped) on the reactor walls.
Table 1. Experimental procedures. 1o ] 3 4 lomA 7 s
point | EXP1 | EXP2 | Description 20 mA
1 -300 s -300 § start of the reaction mixture flow B T 0mA
— 10" 4
2 Os 0s| start of the measurement -a ) W\‘\_ et Sﬂ'f‘
3 60s 60s| the discharge turn on ‘S’ 10° ]
4 600 s 3009 start of the reaction vessel cooling -%
5 1800s| 12004  the discharge off g 1001
6 2400 s 15008 end of the vessel cooling ‘8’
7 3000 s 2100 g start of the reactor heating byr#iredrier ° 104
8 3300 s 24003 end of the reactor heating byaivedhier
9 3300 s 27009 nitrogen (99.999%) high flow ofid Burge 10° 4
flow on
10 4200 s 3000s end of the experiment 1]
10" 8 e
0 500 1000 1500 2000 2500 3000 3500 4000
Reactor was not opened or cleaned betwee time [s]
experiments (it was only flowed by pure nitrogen fo Fig. 2. Concentration of hydrogen cyanide durirefihst
times given in Table 1), so some contamination Kiyali experiment. The vertical lines indicate experimenta
by some deposited material on electrode surfaces) w setting points given in Table 1. Note that satoratimit
possible. for the used detection technique is about 60 0@0fpp
this compound.
3.Results
Time profiles of concentrations for the selectec R 4 — jomals
compounds during the first experimental set aremin 107 20 mA

—30mA

Figs. 2-4. Hydrogen cyanide (Fig. 2) and acetdaififrig.

3) are the main compounds formed by the dischange & ' } iy
nitrogen-methane mixtures [10, 11]. Hydrogen cyanid ,

and acetonitrile reach the saturation limit of therent £ '3

device during the discharge operation and late , \
evaporation of condensed discharge products arditisi 103

rather complicated to relate them to appropriatestic .

processes. Additionally, the time profile of HCNosls a 103

strong dependence on the applied power. At the dowe ,

concentration [ppb]

g

one, the simple production in the discharge isblési
followed by the concentration decrease during thaicg B

(due to the trapping on the cold reactor wallslofoed by 1 T T 00 000 1500 2000 2300 3000 3300 4000
the strong concentration increase during the react time [s]
heating. The profile obtained at the medium poviet b/ Fig. 3. Concentration of acetonitrile during thestfi

shows the more complicated behaviour. The sigmfica  experiment. The vertical lines indicate experimenta
concentration decrease is observed during the aligeh setting points given in Table 1. Note that satoratimit

operation at the ambient temperature. The additionasor the used detection technique is about 60 0@Ofpp
concentration drop is visible just at the beginnaighe this compound.

discharge cooling and later the concentration resch

nearly the same value as at the lowest power U0 The production of acetonitrile (see Fig. 3) in the
discharge switching off. The concentration profiiter gjscharge is increasing with the applied power ibtias

the reactor heating is nearly the same as at theslo propably some saturation limit. No unexpected plike
applied power. The most complicated curve was obthi jn case of HCN were recorded. The concentratiore tim
at the highest power. The behaviour up to the dritie@ profile during the heating part of the experimehows
cooling is similar as at the medium power but thetf nearly the same dependences for both applied powers
concentration drop starts sooner and it is deepan t \ith the faster concentration increase in case hef t
before. Also the concentration during the coolirgigd  medjum power. Two concentration peaks are visibte f

is about 30% lower than at the medium power. We akge highest applied power, similar like in the caelCN

supposing that this is due to the higher dissamiatiegree (the concentration drop is at the same time forhbot
at the higher applied power and consequent formaifo compounds).

bigger molecules. The dependence after the statheof
reactor self-heating shows three huge peaks ofbN



Besides the main formed compounds, many tens
other species were successfully identified [10, .11
Interesting among them is the formation of benz@ee
Fig. 4) as the simplest aromatic compound. Its &iifom
in the discharge at ambient temperature shows gtro
power dependence. The significant decrease of benze
concentration is visible at the highest applied @ow
during the discharge operating at the liquid nignog
temperature. We can suppose two effects. Thedirstis
the better benzene trapping due to the presenseré
other molecules trapped on the glass reactor vial ( 10"
surface conditions changes). The second one is t
formation of some other (probably bigger) molechulats

concentration [ppb]
=

these conditions. This second possibility is max@bpble L AR T LR N W R
because the concentration time dependence duriag | time [s]
reactor heating is different from other in the ca$ehe Fig. 5. Concentration of hydrogen cyanide durirg th

highest applied power. The secondary reactions as second experiment. The vertical lines indicate
described in case of HCN are also probable in cdse experimental setting points given in Table 1. Nt

benzene (see the curve between point 6 and 7)fifile  saturation limit for the used detection technicgiabout
enhancement of benzene concentration after thengeat 60 000 ppb for this compound.

switching on is due to its evaporation from walls.
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Fig. 4. Concentration of benzene during the first Fig. 6. Concentration of formamide during the seton
experiment. The vertical lines indicate experimenta experiment. The vertical lines indicate experimenta
setting points given in Table 1. setting points given in Table 1.

The second part of experiment was devoted to eatitin  4.Conclusion

of the oxygen containing molecules role in the fation The presented contribution brings the first experita

of the same species as above. The formation ofauigle obtained in the Titan like atmosphere at relevant
not containing oxygen is not so much influenced biemperature and pressure. The shown pilot expetahen
presence oxygen impurities, their concentratioesomly data demonstrated the important role of temperdiure
slightly decreased. As an example, the formation dhe formation of different molecules. The experitaén
hydrogen cyanide is shown in Fig. 5. On the othmndy data also demonstrated the critical role of the lisma
the formamide formation (see Fig. 6) is stronglyxygen containing impurities mainly in the formatiof
supported by oxygen presence because this molecfdeémamide that is known as a nucleic acids bases
contains oxygen in its structure. It is importaotriote compounds precursor. Further detailed experimetits w
that formamide is formed by the discharge alsodrsec be done to verify the role of the discharge operati
when no additional oxygen is added into the reactiopower and duration as well as the role of otherurities
mixture. That is why even small oxygen containirageés and surface reactions, especially at low tempegatlir
from nitrogen and methane pressure cylinders tegethwill be also necessary to develop a complex kinetclel
with some oxygen adsorbed on the reactor wall aig order to understand the complex chemistry itgtiaby
sufficient for its remarkable production. electrical discharges in this prebiotic atmosphere.
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