
Device: 
Plastic pyrolysis oils are described as complex mixture composed 
of thousands of chemical species covering a wide range of 
masses and polarity [3]. For this purpose, several analytical 
methods can be applied depending on the desired information to 
characterize plastic pyrolysis oil. The targeted approach including 
infrared (IR), nuclear magnetic resonance (NMR) spectroscopies 
and gas (GC) and liquid chromatography (LC) allows identifying 
and quantifying known plastic pyrolysis oil components or their 
chemical functions but are limited to tackle such highly complex 
mixture [4-6]. Due to the complexity of the sample, ultra-high 
resolution mass spectrometry is required. Fourier transform ion 
cyclotron resonance (FTICR) mass spectrometry offers the best 
performances in terms of resolution, mass accuracy and dynamic 
range [7]. Indeed, it allows signals to be separated based on 
their mass-to-charge (m/z) ratio and then assigned to a unique 
molecular formula with an error less than 0.3 ppm (Figure 1). In 
our context and for an advanced molecular description of complex 
mixture, an untargeted approach, which ensures the detection and 
the assignment of thousands of species at the molecular level, has 
proven its efficiency [3, 8]. Typically, in this kind of approach, the 
sample is directly introduced into the mass spectrometer without 
an upstream separation step. 

 

With FTICR analyzer, different sources of ionization could 
be used. The choice of ionization method is significant and 
depends on the type of information required [9]. Indeed, all 
ionization sources present some specificities in term of ionization 
efficiency, which allows their complementarity in the description 
of a mixture. In this study, three atmospheric pressure ionization 
sources were used. Electrospray ionization (ESI) is specific to 
polar and mid-polar species. Typically, in negative mode ESI 
acid species ionization is favored whereas in positive mode, the 
ionization of basic species is dominant. Atmospheric pressure 
photoionisation (APPI) and atmospheric pressure chemical 
ionization (APCI) are less selective and allow the detection of 
low-polarity species (Figure 2). Especially, with APCI, alkanes 
ionization could be obtained by the use of hydrocarbon solvents 
such as heptane [10]. 

How to represent the data set? 
Many representations exist in literature to represent the observed 
molecular information [11]. The heteroatoms class distribution 

represents the relative abundance of the achieved molecular  
 
species such as pure hydrocarbons (CH), oxygen-containing 
species (Ox), nitrogen-containing species (Ny) and nitrogen- and 
oxygen-containing species (OxNy). To have more detailed about 
the unsaturation degree of the detected species, their double 
bond equivalent (DBE) can be calculated and represented versus 
the number of carbon atoms. The DBE represents the number 
of rings and unsaturated bonds and therefore its aromatic or 
aliphatic character. In Figure 3, each point correspond to an ion 
with its DBE and number of carbon atom. By choice, a color scale 
is used to represent the relative intensity of each ion.  

Results: 
A pyrolysis oil was produced from municipal waste without 
prior separation and was analyzed by FTICR analysis. The 
nitrogen-containing species were detected using both positive 
and negative modes ESI-FTICR. The other classes, such as 
hydrocarbons and oxygenated species were detected using 
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Figure 1. Analysis workflow with direct analysis by ESI-(−)-FTICR-MS and attribution of unique molecular formulas to each signal.



positive mode ESI, APPI and APCI and negative mode ESI-FTICR. 

Hydrocarbon compounds are described using both APPI and 
APCI sources in positive ion mode. Both aliphatic and aromatic 
distributions were observed which is consistent with the fact 
that plastic pyrolysis waste was composed of aliphatic and 
aromatic polymers. Moreover, the presence of aromatic species 
could result to the elimination of small molecules in place in the 
pyrolysis process inducing the formation of unsaturation. As 
expected, APCI affords the detection of alkanes (DBE 0 value) by 
a hydride transfer gas mechanism. Species at DBE 3 were also 
observed that could be assigned to triolefins, cyclopentadiene 
or three naphtenic cycles. The main class observed was species 
at DBE 2, which could be attributed to diolefins. This class is 
important because it can cause undesirable polymerization 
during refining processes, when the diolefins are conjugated. 

Basic and neutral nitrogen-containing species were highlighted 
by ESI in both positive and negative ion modes respectively. 
Nitrogen-containing species are important because they are 
poison in refining processes [12]. They could come from polymers 
constituting the plastic waste such as polyamide. They could also 
come from different additives such as UV-stabilizers and colorants 
[13, 14]. Interestingly, structures observed (quinoline, pyridine, 
quinoxaline or naphtyridine) for nitrogen-containing species are 
consistent with the similar molecule classes typically detected 
in petroleum fractions [15, 16]. This observation was interesting 
because the elimination of these types of species is already known 
and will be performed in the same manner. 

The oxygen-containing species was revealed in ESI in negative 
ion mode, APPI in positive ion mode, and APCI in positive ion 
mode. In the same way as hydrocarbon compounds, both 
aliphatic and aromatic contributions were observed. Especially, 
an aromatic contribution at DBE 4 was observed in O1 class. 
These species could be attributed to phenol that are marker of 
paper label stuck on the plastic packaging. The aromatic species 
could be obtained from the pyrolysis of aromatic plastics such as 
polyethylene terephthalate (PET) [17] or from the degradation of 
different additives and colorants. 

Conclusion: 
Ultra-high resolution FTICR mass spectrometry has proven to 
be useful for the characterization of molecular fingerprint of 
plastic pyrolysis oil. The combination of atmospheric pressure 
ionization sources has shown to be effective for the highlight of 
different molecular classes. The molecular based information on 
heteroatoms-containing compounds in a mixed plastic pyrolysis 
oil by this untargeted method will enable to adapt the recycling/
refining process of plastics.

 Additional information: 
Mase, C., et al. (2021). “Molecular Characterization of a Mixed 
Plastic Pyrolysis Oil from Municipal Wastes by Direct Infusion 
Fourier Transform Ion Cyclotron Resonance Mass Spectrometry.” 
Energy & Fuels.
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Figure 2. Ionization source selectivity

Figure 3. Data representations: (a) bar plot showing the element content and (b) DBE vs C# plot of the N2 class
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