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The conversion of methane into hydrogen and more valuable higher  hydrocarbons has 
been more and more fascinating both for the industry and the scientific community. Most of the 
commercial processes exploit the indirect method and convert methane into liquid fuels or other 
chemicals (i.e. methanol, gasoline) via a multistep reaction process, but the direct one has been 
desired for several decades and still represents a challenge for scientists. 

In this contest, the direct conversion of methane using various plasma technologies has 
recently  received great  deal  of  attention: both  thermal  and  non-thermal  plasmas  have been 
demonstrated to be a promising technology for methane conversion but the latter represent the 
choice for chemical synthesis of higher hydrocarbons (and/or of their corresponding oxidative 
derivatives) from methane because of its high non-equilibrium characteristics, i.e. high electron 
temperature  (up  to  105 K)  and  low  gas  temperature  (even  at  room  temperature).  The 
investigation  of  methane  conversion  to  C2,  C3 or  higher  hydrocarbons  and  hydrogen  in 
atmospheric non-thermal plasmas generated by different electric discharge techniques has been 
widely  developed.  Most  of  the  compounds  produced  using  corona,  microwave  and  radio 
frequency discharges are small and stable molecules, like ethylene,  acetylene, hydrogen and 
carbon monoxide [1].  Under conditions of dielectric barrier discharge products can be more 
complex such as  light hydrocarbons, liquid fuels, alcohols and acids [2]. 

In this contribution we present an investigation of the viscous liquid deposit, which we 
obtained after plasma treatment of both a CH4/Ar = 1/1 and a CH4/N2 = 1/1 gaseous mixture in a 
co-axial cylinder dielectric barrier discharge (DBD) reactor, working at atmospheric pressure. 
The composition of this raw material was investigated by using Nuclear Magnetic Resonance 
(NMR),  Fourier  Transform  Infrared  (FT-IR)  Spectroscopy  and  Electron  Impact  Mass 
Spectrometry (EI-MS).

In the 20-600 m/z region, the EI spectra (fig. 1a) of both the CH4/Ar and the CH4/N2 our 
sample show the typical peaks distribution of  hydrocarbons, volatile enough to be detected at 
the vacuum conditions of the EI source.

The  IR  spectra  (fig.  1b)  show  different  absorption  peaks,  among  which  the  most 
significant ones are in the 2800-3000, 1600-1800 and 1300-1500 cm-1 regions. The first region 
is identified with the C-H stretching vibration; the second one is associated with the only C=C 
stretching modes in the case of the CH4/Ar liquid sample , while in the case of the CH4/N2 liquid 
raw material  it  is associated with the C=C and C=N stretching vibration and with the N-H 
bending modes; finally the third region is associated with the C-H bending vibration [3-5]. 
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The NMR spectra (fig. 1c)  of both samples present broad and complex signals, which 
indicate  that  we  are  dealing  with  a  wide  distribution  in  molecular  weight  components. 
Moreover,  the  NMR  measurements  suggest  that  we  are  in  the  presence  of  a  mixture  of 
hydrocarbons with an average low degree of unsaturation and that the most represented moiety 
in our deposits is the gem-dimethyl  group  C-C(CH3)2-C. Another partial moiety can be  CH3-
CH2-quaternary carbon wherein the methyl  group is expected to be strongly shielded by 3-
gauche interaction. 

The  CH4/N2 liquid deposit  was investigated also by using  MALDI-TOF spectroscopy. 
The spectra (fig. 1d) show repeated clusters of peaks, which present a constant mass different 
evaluated in 14 Da. This value corresponds to a CH2 group.
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Fig. 1 (a) EI spectra , (b) FT-IR spectra, (c) NMR spectra and (d) LDI (top) and MALDI-TOF 
(bottom) spectra of the liquid deposit obtained  by DBD plasma treatment on a CH4-Ar or a 
CH4-N2 reacting system.
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