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Abstract. A positive corona discharge fed by a N2:CH4 mixture (98:2) at atmospheric
pressure and ambient temperature has been studied as a laboratory mimic of the chemical
processes occurring in the atmosphere of Titan, Saturn’s largest moon. In-situ measurements
of UV and IR transmission spectra within the discharge have shown that the main chemical
product is C2H2, produced by dissociation of CH4, with small but significant traces of ethane
and HCN, all species that have been detected in Titan’s atmosphere. A small amount (0.2 %)
CH4 was decomposed after 12 minutes of treatment requiring an average energy of 2.7
kWh/g. After 14 minutes the discharge was terminated due to the formation of a solid yellow
deposit on the central wire electrode. Such a deposit is similar to that observed in other
discharges and is believed to be an analogue of the aerosol and dust observed in Titan’s
atmosphere and is composed of chemcial species commonly knonw as ‘tholins’. We have also
explored the electrical properties of the discharge. The admixture of methane into nitrogen
caused an increase in onset voltage of the discharge and consequently led to a reduction in the
measured discharge current.

1. Introduction
The recent Cassini- Huygens mission to Titan, Saturn’s largest moon has revealed a fascinating
and complex world that many believe provides a good analogue of Earth during its early history.
Laboratory studies of electrical discharges fed by methane and nitrogen (the two major constituents of
the Titan atmosphere) have been performed for decades since such discharges appear to be a good
methodology for simulating the chemistry of Titan’s atmosphere. Previous experimental research
simulating processes in Titan’s atmosphere can be conveniently divided into two groups; (i) studies
performed at low pressures corresponding to the conditions at altitudes above 100 km and (ii) high
pressure (1000-1500 mbar) experiments performed in conditions corresponding to Titan’s dense
atmosphere closer to the surface where the pressure is around 1.5 bars. In Titan’s atmosphere the CH4
concentration is 4.9 % at the surface falling to 1.62 % at an altitude of 60 km above which lies Titan’s
stratosphere where the methane is uniformly mixed with nitrogen with a molar fraction of 1.41 % [1].
Above 1000 km the concentration of CH4 increases up to value 8 % in the lower ionosphere [2].
Low pressure experiments have predominantly used glow, RF or microwave discharges [3-8], the
detailed kinetics of chemical reactions in nitrogen-methane afterglows being listed in [9, 10]. High
pressure experiments have been conducted at atmospheric pressure [12-17] using corona, dielectric
barrier and spark discharges. The pioneering study by Ponnamperuma et al [12] used a dielectric
barrier discharge, although it was described by the authors as ‘a semi-corona discharge’. They reported
the production of C6 to C9 hydrocarbons from methane in the discharge. In a later study Toupance et al
[11] investigated methane decomposition in different CH4-N2 mixtures (CH4 concentrations varying
between 0 and 100%) using a coaxial electrode system typical for the production of a corona
1
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discharge. However, these experiments were only conducted at a pressure of 20 Torr, so from their
reported discharge current of 100 mA we can assume that rather than operating a corona discharge in
the reactor they were operating a glow DC discharge. Nevertheless in their experiment they observed
the formation of several hydrocarbons with the highest yields being achieved with the lowest N2 molar
ratios.
Ramirez et al have published three papers on the use of electrical discharges as a simulation of
processes in Titan’s atmosphere [13-15]. In [13] they used a dielectric barrier discharge although this
is named in the paper as corona discharge. Using Mass and IR spectrometry they reported the
formation of several hydrocarbons and nitriles with acetylene being the dominant product in the
nitrogen-methane mixture (N2:CH4=90:10) but considerable quantities of ethane were also observed
(formed with ratios of C2H2:C2H4 between 3 and 8). In their next paper [14] a standard DC corona
discharge was adopted and gas-chromatography used to identify the products and establish the energy
yields (molecule J-1) for several product hydrocarbons and nitriles. In their final work [15] an outer
electrode of diameter of 100 mm was used. Surprisingly they reported both positive and negative
discharges in such a reactor although the existence of negative corona discharge in such mixtures is
problematic. Perhaps the large diameter of the outer electrode ensured efficient quenching of streamers
and the conversion to a spark discharge. Ethane was found to be the dominant product with acetylene
having the second highest yield.
A glow discharge fed by a mixture of 2% methane in nitrogen (by presence of 0.01% CO) was
published by Raulin and co-workers as part of their laboratory support for the Cassini-Huygens
mission [16]. This paper focused on the detection of ammonia and ethylene but the main products
present on Titan: C2H2, C2H4, C2H6, C3H4, C3H8, C4H2, C6H6, HCN, HC3N, CH3CN and C2N2 were
also detected.
A spark discharge was used in order to simulate potential lightning induced events on Titan [17].
The spark discharge was initiated between a point electrode and the surface of ice block into which the
plane electrode was immersed. Since the experiments were conducted at 240 K, the partial pressure of
water vapour was relatively high. Therefore the authors also observed compounds containing C-H-O,
C-H-N and C-H-O- in the discharge.
Thus to date a wide variety of experiments using discharges to simulate Titan’s atmosphere have been
reported but the results of such experiments are conflictory in both the product species observed and
the chemical synthesis observed. The aim of the present research is to study the decomposition of the
CH4 and synthesis of new compounds in a DC positive corona discharge using a system of electrodes
with a much smaller diameter of the outer electrode compared to that used by Ramirez [15]. Moreover,
in our experiments in-situ UV/FTIR spectroscopy is used for the first time to measure the
concentration of products formed within the plasma.

2. Experimental Apparatus
The experimental apparatus is shown in Figure 1. The discharge reactor consisted from a brass
cylinder 16 mm in diameter and 70 mm in length and a stainless steel wire with a diameter of 0.125
mm centred inside the metal cylinder. The central electrode was connected to a Glassman high voltage
source to produce a coaxial corona discharge. A mixing ratio comprising 2% methane in nitrogen was
prepared and introduced into the reactor using MKS flow controllers. The reactor was placed inside
the sample region of either a Shimadzu VUV or a Nicolet FTIR spectrometer for in-situ measurements
of the synthesized compounds. Gaseous product concentrations were calculated using the BeerLambert formula using cross sections for both UV and IR absorption found in the published literature.
All the experiments were carried out at atmospheric pressure and at ambient temperatures in a static
gas discharge (no gas flow through the reactor). The discharge was typically operated for between 10
and 15 minutes during which time the nascent reactor temperature (as measured by thermocouples on
the reactor walls) did not rise by more than 1 oC.
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3.

Experimental results

3.1 Electrical properties of the discharge
In pure nitrogen the onset voltage needed to strike the discharge occurred at 4.7 kV while the
onset voltage of the discharge fed by N2-CH4 mixture (N2:CH4=98:2) was 5.2 kV. Current-voltage
(CV) characteristics were measured from the onset voltage up to point where the corona discharge was
transformed into a spark discharge in both pure Nitrogen and the N2-CH4 mixture. Adding 2% of
methane to the nitrogen reduced the discharge current in comparison with the values in pure nitrogen
(Figure 2a).
From the CV data the mobility of charge carriers in the drift region of the discharge in both
pure nitrogen and mixtures of methane/nitrogen was calculated using the Townsend formula. The
mobility of charge carriers, positive ions was found to increase in a pure nitrogen discharge with
increasing voltage changing from a value of 2 cm2.V-1.s-1 at 5.5 kV up to 2.8 cm2/s.V at 9 kV however,
the mobility of positive ions in the N2-CH4 mixture was unaffected by the applied voltage and was
constant around a value of 1.7 cm2.V-1.s-1. Such a decrease in the mobility of the positive ions after the
addition of methane into the nitrogen discharge can be explained by the formation of hydrocarbons
ions or even clusters (e.g. (CxHy)n having lower mobilities.
The effect of the CH4 admixture on breakdown voltage (the voltage at which the corona
discharge was transformed into a spark transition) has not been studied because a deposit started to
grow on the inner electrode. The existence of the deposit led to transformation of the corona discharge
into a spark discharge after some 12 minutes (see Figure 2b). This discharge lifetime (12 + 1 min) was
observed for all values of applied electrode voltage. Hence we can state that the value of the
breakdown voltage was reducing continuously during the operation of the corona discharge and we
therefore could not determine a precise/unique value of the breakdown voltage in the gas mixture. As
is shown in Figure 2b, the discharge current fell slightly from an initial value of 0.1 mA down to 0.06
mA during the corona phase of experiment before sharp jumps were observed demonstrating the onset
of sparking. For most of the experiments discussed below a voltage of 6.6 kV was chosen since this
was well above the onset voltage but any temperature changes induced within the reactor were found
to be very low.

Figure 1. Schematic diagram of the experimental apparatus used for UV and FTIR analysis of gaseous products
produced in a positive corona discharge of 2% methane in nitrogen.
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Figure 2: (a) VA characteristics of the corona discharge fed by pure nitrogen and N2:CH4=98:2 mixture
recorded at constant voltage of 6.6 kV operated in a stationary regime at ambient temperature and pressure. (b)
The time evolution of the discharge current for a N2-CH4 mixture at constant voltage of 6.6 kV operating in a
stationary regime at ambient temperature and pressure.

3.2 UV analysis of gaseous products
UV spectra were measured in-situ between 190 and 200 nm by passing a UV light beam
through the discharge volume. The recorded spectra are largely featureless showing a steady increase
in UV absorption with time. The measured UV spectra did not show any significant peaks. The
spectrum is likely to be a superposition of the absorption spectra of several different compounds.
According to Ramirez [15] the dominant products of chemistry induced by corona discharges in CH4N2 mixture are the hydrocarbons ethane, ethylene, acetylene and propane with smaller concentrations
of nitriles. However the absorption cross-section of propane in this wavelength region is negligible
[18]. Accordingly we sought to estimate relative concentrations of ethylene and acetylene using the
formulae
A191nm = n ( C2 H 2 ) ⋅
A194nm = n ( C2 H 2 ) ⋅

( C2 H 2 )
194nm ( C 2 H 2 )
191nm

⋅ L + n ( C2 H 4 ) ⋅
⋅ L + n ( C2 H 4 ) ⋅

( C2 H 4 )
194nm ( C 2 H 4 )
191nm

⋅ L

{1}

⋅ L

{2}

where A191nm and A194nm are the total absorbance at 191 and 194 nm, σ1911nm and σ194nm are UV
absorption cross-sections for the selected compounds at 191 and 194 nm and L is the length of the
discharge tube. The wavelengths 191 and 194 nm were selected because at these wavelengths
acetylene and ethylene exhibit well distinguished maxima in their absorption cross sections [18].
However later FTIR spectra (see below) showed little evidence for formation of ethylene so we could
also fit the spectral data assuming it was comprised of pure acetylene using the simple formula
A
{3}
n ( C 2 H 2 ) = 191nm
191nm ⋅ L
The differences between the values calculated using equations {1, 2} and values calculated by {3} did
not exceed 10% supporting the hypothesis that ethylene concentrations were less than 10% of those of
acetylene. Using {3} we could then estimate the growth rate of C2H2 as a function of time (Figure 3).
The concentration is seen to rise rapidly in the first five minutes thereafter remaining constant at 370
ppm.
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Figure 3. Temporal evolution of C2H2, measured by UV analysis, produced in a positive corona discharge
operating at atmospheric pressure driven by a constant voltage U=6.6 kV and fed by a static CH4-N2 gas mixture
(2:98).

3.2 FTIR analysis of gaseous products
Since the UV spectra were largely featureless and are limited to a narrow wavelength region
(190 to 200nm) within which many of the expected products do not absorb we used IR spectroscopy to
investigate the chemical products in the discharge. A typical FTIR spectrum obtained in-situ by
passing an IR beam through the discharge volume is shown in Figure 4.
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Figure 4. A typical FTIR spectrum recorded in a positive corona discharge operating at atmospheric pressure
driven by a constant voltage U=6.6 kV and fed by a static CH4-N2 gas mixture (2:98), recorded after 6 minutes
of plasma treatment. Note the Negative absorbance indicates loss of CH4 during the operation of the discharge.

Using literature data individual absorption features could be assigned to specific compounds [19]. The
strongest feature at 729 cm-1 is due to C2H2, while the feature at 2973 cm-1 is assigned to C2H6 and that
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at 713 cm-1 to HCN. However, in agreement with our UV results, we found no features corresponding
to C2H4 (which has a well known band between 800-1100 cm-1, maximum at 956 cm-1 and a band
between 3000-3200 cm-1, maximum at 3138 cm-1). From the measured absorbance the temporal
evolution of the concentrations of individual compounds was calculated using the Beer-Lambert
formula with molecular IR absorption cross-section data being taken from existing literature [19]. The
time dependence of concentrations of C2H2, C2H6 and HCN are shown in Figure 5a.
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Figure 5. (a) Evolution of concentration of C2H2, C2H6 and HCN produced in a positive corona discharge fed by
a static CH4-N2 gas mixture (2:98) operating at atmospheric pressure driven by a constant voltage U=6.6 kV and
measured by FTIR analysis. (b) Evolution of CH4 decomposition in a positive corona discharge recorded under
the same experimental conditions as (a).

It is evident from Figure 4 that the production of C2H2, C2H6 and HCN is accompanied by a decrease
in concentration of CH4. Using absorption cross-sections data [19] the time dependence of the
decomposed CH4 concentration was calculated and plotted as the function of the time (Figure 5b).
From the linear part of Figure 5b the average energy 2.7 kWh (9.7 MJ) required for the decomposition
of 1 g of CH4 was calculated.

4. Discussion of experimental results
The major chemical product of a static, positive corona discharge operated in a N2-CH4 mixture at
atmospheric pressure is acetylene. However, there is a significant difference between the results
obtained using UV and IR spectroscopy for the formation of C2H2 especially in the time required for
saturation and the saturated value of C2H2 concentration. In the UV measurements the C2H2
concentration, which was only stable product detectable by UV analysis, reached a saturated value of
350 ppm after 4-5 minutes (Figure 3). This result is in contrast with the FTIR measurements shown in
Figure 5a which show much higher C2H2 concentrations and a clear maximum in the temporal
dependence of C2H2 concentrations.
Such differences may be caused by photolysis of the product C2H2, since it is well known
hydrocarbon unstable in the presence of UV light [20]. Hence C2H2 molecules, which are
predominantly formed first by dissociation of CH4 via processes (1, 2, 48, 49) followed by association
of CH2 or/and CH radicals via processes (51-56), may be also decomposed by photo-dissociation (the
reaction kinetics for each process being listed in Table). The list of reactions were taken from
references [4[ and [10].
(1)
(2)
(3)

e + CH4
e + CH4
e + CH4

e + CH3+ H
e + CH2+ H + H
e + CH4++ e

f (E/N )
f (E/N )
f (E/N )

[10]
[10]
[24]
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(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)

e + CH4 e + CH3+ + H + e
e + H2 e + H + H
N2(X, v) + H2 N2(X, v − 1) + H2
N2(X, v) + H N2(X, v − 1) + H
N2(A) + CH4 N2(X, v = 0) + CH4
N2(B) + CH4 N2(A) + CH4
N2(B) + CH4 N2(X, v = 0) + CH4
N2(a’) + CH4 N2(X, v = 0) + CH4
N2(a) + CH4 N2(X, v = 0) + CH4
N2(A) + H2 N2(X, v = 0) + H + H
N2(A) + H N2(X, v = 0) + H
N2(B) + H2 N2(A) + H2
N2(a’)+ H2 N2(X, v = 0) + H + H
N2(a’)+ H N2(X, v = 0) + H
N + CH3 HCN + H2
N + CH3 H2CN + H

(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)

N + CH2 HCN + H
N + CH2 CN + H2
N + CH2 CN + H + H
N + H2CN HCN + NH
CH+2+ CH4 CH3+ CH3 +
CH 4+ CH4 CH3+ CH 5
C2H5+ H CH3+ CH3
CH3+ H + N2 CH4+ N2
CH3+ CH3 C2H6
CH3+ CH3 C2H5+ H
CH3+ CH2 C2H4+ H
CH2+ CH2 C2H4
C2H5+ H C2H6
C2H6+ CH3 C2H5+ CH4

(34)

C2H4+ H + (M)

(35)
(36)

CN + CH4 HCN + CH3
HCN + H + (M) H2CN + (M)

(37)
(38)
(39)
(40)

C2H5+ CH3 C2H4+ CH4
C2H5+ C2H5 C2H6+ C2H4
CN + C2H6 HCN + C2H5
C2H6+ H C2H5+ H2

(41)

CH4+ H

(42)
(43)
(44)
(45)
(46)
(47)

CH4+ CH3 C2H5+ H2
H + H + N2 H2+ N2
H2+ N2(X, v = 0)
NH + NH + (M)
+ (M)
H2CN + H HCN + H2
CH2+ H2 CH3+ H
N2+ + CH4 N2+ CH3+ + H

(48)
(49)
(50)
(51)
(52)
(53)
(54)

N2* + CH4 N2+ CH3 + H
N2* + CH3 N2+ CH2 + H
N2* + C2H6 N2+ C2H5 + H
CH2+ CH2 2H+ C2H2
CH2+ CH2 H2+ C2H2
CH2+ CH H+ C2H2
CH2+ C H+ C2H

C2H5+ (M)

H2+ CH3

f (E/N )
f (E/N )
see [4]
see [4]
k = 3.2 × 10−15cm3s−1
k = 0.95 × 3 × 10−10 cm3s−1
k = 0.05 × 3 × 10−10cm3s−1
k = 3 × 10−10cm3s−1
k = 5.2 × 10−10 cm3s−1
k = 2.4 × 10−15 cm3
s−1
−10
3 −1
k = 2.1 × 10 cm s
k = 2.4 × 10−11cm3s−1
k = 2.6 × 10−11 cm3s−1
k = 2.1 × 10−10cm3s−1
k = 1.4 × 10−11cm3s−1
k = 6.2 × 10−11 + 2.2 × 10−9
exp(−1250/Tg(K)) cm3s−1
3
k = 5 × 10−11exp(−250/Tg(K)) cm s−1
−11
3 −1
k = 1.6 × 10 cm s
k = 1.6 × 10−11 cm3s−1
k = 6.7 × 10−11cm3s−1
k = 2.14 × 10−11 × Tg0.5 cm3s−1
k = 1.5 × 10−9cm33s−1
k = 6 × 10−11 cm s−1
k = 6 × 10−29(Tg(K)/300)−1.8
cm6s−1
−10
−0.4
3 −1
k = 4 × 10 × Tg cm s
3
k = 1.3 × 10−9exp(−13 275/Tg(K)) cm s−1
−11
3
−1
k = 7 × 10
cm
s
k = 1.7 × 10−12cm3s−1
k = 6 × 10−11cm3s−1
k = 2.5 × 10−31 × Tg6 exp(−3043/Tg(K))
cm3s−1
6
k0= 2.15 × 10−29exp(−349/Tg(K)cm s−13
−11
k = 4.39 × 10 exp(−1087/Tg(K)) cm s−1
k = 10−11 exp(−857/Tg(K)) cm3 s−1
k0= 6.4 × 10−25 × Tg0.5cm6s−1
3
k = 9.2 × 10−12exp(−1200/Tg(K)) cm s−1
-12
3 −1
k = 1.9 × 10 cm3s
k = 2.4 × 10-12 cm s−1
k = 1.8 × 10−11 × Tg0.5cm3s−1
k = 2.4 × 10−15 × Tg1.5 exp(−3730/Tg(K))
cm3s−1
k =3 2.2 × 10−20 × Tg3exp(−4045/Tg(K))
cm s−1
3
k = 1.7 × 10−11exp(−11 500/Tg(K)) cm s−1
−29
−1.3
6 −1
k = 1.5 × 10 × Tg cm s
k = 10−33cm6s−1

[24]
[25]

k = 2.9 × 10−11 × Tg0.5 cm3
k = 3.34 × 10−11 × Tg0.5cm3s−1
k = 1.3 × 10−9cm3s−1

[35]
[42]
[43]

s−1

k = 1.5 × 10−12 cm3s−1
k = 4.5 × 10−11 cm3s−1
k = 3.6 × 10−12 cm3s−1
k =1.8 × 10−10 × exp(−400/Tg(K)) cm3s−1
k =2.0 × 10−11 × exp(−400/Tg(K)) cm3s−1
k = 6.6 × 10−11 cm3s−1
k = 8.3 × 10−11 cm3s−1

[26]
[27]
[27]
[28]
[29]
[30]
[31]
[32]
[28]
[33]
[10]
[34]
[35]
[36]
[36]
[10]
[37]
[38]
[10]
[10]
[10]
[39]
[10]
[10]
[10]
[10]
[40]*
[41]
[36]*
[10]
[10]
[35]
[10]
[10]
[10]
[10]
[35]

[10]
[10]
[10]
[10]
[10]
[10]
[10]
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(55)
(56)
(57)

CH2+ C2H
CH + CH
HCN + e

CH+ C2H2
C2H2
CN- + H

k = 3.0 × 10−11 cm3s−1
k = 2.0 × 10−10 cm3s−1

[10]
[10]
[44]

*Three-body reactions: k = k0k M/(k0+ k M).
Table 1. Reaction kkinetics of the radicals and ions formed from CH4 dissociation in CH4-N2 discharge leading
to the formation of products observed in this work.

In our experiment photo-dissociation may be caused by the interaction of UV light beam used
in spectrophotometer to measure the UV absorbance since the gas in the discharge gap is permanently
exposed to UV light with wavelengths sufficient for the photo dissociation. A series of tests was
conducted in order to show the differences between the product concentrations obtained with UV and
FTIR spectroscopic methods under the same experimental conditions. The use of a UV scanning beam
effected the final C2H2 concentration compared with FTIR technique. According to our observations,
the closer the wavelength of the UV-beam to the wavelength corresponding to the absorption peak of
C2H2 the higher the difference in C2H2 concentrations derived by UV compared FTIR-analysis (as
high as a factor of 4).
Photodissociation by the UV light source in the UV-vis spectrometer has been observed in
previous experiments where we compared measurements of ozone in an oxygen discharge using UV
(200-300 nm, absorption peak at 255 nm) and FTIR (1054 cm-1) spectra (with their well known cross
sections). The ozone concentrations obtained using the two methods were not equal. Indeed FTIR
spectra predicted up to three times as much ozone. The largest differences were obtained when the UV
measurement was carried out at 255 nm, where the UV radiation is expected to photodissociate the
ozone most efficiently. Therefore we believe that photodissociation of C2H2 is equally probable since
it absorbs at wavelengths provided by the UV lamp with a cross section similar to that of ozone.
The first step in C2H6 formation (observed by FTIR) is CH4 dissociation produced
predominantly by electrons and excited nitrogen. The primary process with the highest reaction rate
leading to C2H6 formation is association of CH3 radicals (28) but reaction of C2H5 with atomic
hydrogen also leads to production of C2H6 albeit with a lower rate constant (32). Reactions (18, 20)
lead to HCN production directly from the primary radicals, however, the reaction of CH3 radical with
atomic N (19) can result H2CN formation with a higher rate constant than in case of (18) but it is also
dissociated into HCN via (23) and (45). The low C2H6 concentrations observed in our experiment (see
Figure 5a) are ascribed to reactions (39, 50) with reaction (39) explaining the connection between the
rapid HCN- rise and the slow C2H6 increase. The FTIR spectra of the gaseous mixture did not confirm
the presence of other carbon-nitrogen compounds in gaseous phase [22].
Most of chemical reactions occur in the very thin glow region surrounding the wire electrode.
Due to this, the radicals and products also undergo heterogeneous reactions between the electrode
surface and the gas. A solid yellow deposit was observed on the positive wire electrode only no
evidence for such a particulate formation in the discharge volume or on the electrode windows was
observed. These phenomena led us to consider the hypothesis that such a deposition is due to
negatively charged particles moving towards the positive electrode. This deposit, which leads to
termination of corona discharge, is in the case of corona discharge most likely formed from nitrogen
compounds, especially HCN which is also supposed to be a precursor of solid materials and aerosols.
The most likely the primary process for the formation of the deposit is electron attachment to HCN
within the glow region (57). The CN- anions are then transported to the wire where they are
neutralized before undergoing a series of heterogeneous reactions with CH2 and CH3 and some other
radicals as well as with parent gases, leading to formation of deposit. The deposit is an insulator and
hence a negative charge can be accumulated on the surface of the deposit. If the local electric field at
such spot is sufficiently high a ‘backward corona’ can be formed, which is finally transferred to the
streamer followed by spark. This hypothesis may be tested still further by an analysis of the anions
formed in the discharge and is the subject of future work. Moreover, the idea about the active role of
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negative ions in the formation of deposit is supported by the recent discovery of a large variety of
negative ions in Titan’s ionosphere by [23, 45]. According to these authors negative ions play a key
role in ion chemistry and they may be important in the formation of organic-rich aerosols, so called
‘tholins’ eventually falling to the Titan’s surface.
It is important to mention that deposition on optical windows is negligible in our case due to
few reasons. There was a “blind place” (a length of 1 cm) between the optical window and the end of
the grounded cylinder inside the reactor. No deposit on the wall of this volume and on the optical
window was observed. The formation of the solid deposit appears to be indicative of a specific
behavior in the active discharge gap on the wire electrode only. The only deposit observed on the KBr
windows was H2O, outside the window, not inside because the reactor was exposed to air (KBr is a
hydrophilic material). The effect of this water is trivial.

5. Conclusions
In this paper we present the results of a UV/FTIR study of the gaseous products formed in positive
coaxial corona discharge fed by an atmospheric pressure mixture of N2:CH4 = 98:2 operated in a static
regime at constant voltage U=6.6 kV and ambient temperature. The electrical properties of corona
discharge have also been studied. The temporal evolution of C2H2 detected by UV spectroscopy and of
C2H2, C2H6 and HCN measured by FTIR spectroscopy was examined. Differences in the C2H2
concentrations found by using UV and FTIR methods may be explained by photolysis of C2H2 by UV
light from the UV spectrometer. FTIR studies of gaseous products HCN, C2H2 and C2H6 show an
increase with time, after 10-12 minutes the C2H2 concentrations appear to reach a saturated value.
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