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Problems in petroleum refineries, such as emulsion formation, contamination and corrosion, 
occur due to the presence of polar compounds, even though they are low concentration(c.a. 
5%). These compounds have at least one heteroatom such as S, N, O or metal ions such as V 
and Ni, referred to as sulfur, nitrogenous, oxygenated and organometallic organic derivatives 
(PETERS et al., 2005). Recently, high resolution mass spectrometry (HRMS) has been 
employed in the chemical characterization of petroleum (VAZ et al. 2013). The present work 
reports the application of high resolution mass spectrometry for characterization of polar 
fractions of four oils from the Gulf of Mexico and four oils from different Brazilian basins. 
The polar fractions were acquired by liquid chromatography and the HRMS analyzes were 
performed on the Orbitrap Hybrid Q-ExactiveTM (Thermo Scientific) mass spectrometer by 
direct infusion with electrospray ionization in positive mode, ESI-(+).  
 
In the eight oil samples were identified 10 classes with heteroatoms: O, O2, O3, N, NO, NO2, 
NO3, N2, N2O and N2O2 (Figure 1). Among them, the most abundant were the classes with 
oxygen (O and O2) and nitrogen (N). The BRS4 sample presents a greater contribution of 
oxygenated compounds in relation to the other samples. This oxygenated oil is the most 
biodegraded that corroborates with the depleted n-alkanes profile, presence of UCM 
(unresolved complex mixture), and the presence of abundant 25-norhopaneDuring the early 
stages of biodegradation, there is an increase in the abundance of O2 compounds and a 
decrease when more advanced levels are reached, so for biodegraded samples oxygenate 
classes are predominant (VAZ et al. 2013).  
 
Typical fingerprint was classified based on class distribution and the DBE (double bond 
equivalent). The samples that present the most intense series with lower DBEs (5 - 11) can be 
characterized with low stage of thermal evolution, because it contains low aromatic and 
naphthenic compounds, whereas the most thermally evolved have more DBE values between 
15-25. In Table 1 may be observed that in all classes the most abundant DBE is less than 10, 
which would indicate a low degree to equilibrium of thermal evolution of the oils. Vaz et al. 
(2013) relates the increase of the degree of thermal evolution with the increase of the 
intensity of nitrogenated compounds. The increase of the relative intensity of these 
compounds and the reduction of the oxygenated and sulphur compounds are due to the 
reactions that occur in the thermal evolution like decarboxylation, dehydration, 
desulfurization, demethylation and cleavage of the C-C bond. The chemical bonds between 
C-O and C-S are more labile, so in more advanced stages of thermal evolution, the oxygen 
and sulfur compounds will be in a lower proportion in more evolved oils. Corroborating with 
the maturation results of the oils. 
 
The identification of steroid carboxylic acids can help in the identification of the depositional 
environment of petroleum (VAZ et al. 2013) and pentacyclic acids derived from the lipids of 
the bacteria "bacteriahopanetetrol"(OURISSON et al., 1979). For samples grouped in similar 
nitrogen class were observed a high RDBE equal to eight with abundance of molecules with 
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14 and 15 carbons. The group of oxygenated compounds showed the abundant RDBE 5 e 9 
and molecules with 12, 13 and 14 carbons. In addition, the distribution of NO group can be 
observed that RDBE equal to five is predominant in molecules with 12 carbon chains (Figure 
1). Thus, high resolution Orbitrap mass spectrometry are important tool for investigation of 
polycondensate molecules in petroleum and the evaluation of polar fraction can provide 
unexplored geochemical information. 
 

 
Figure 1 Distribution of the classes in the samples by OrbitrapMS 

 
Table 1 DBE values most abundant for each class. 

CLASS O O2 O3 N NO NO2 NO3 N2 N2O N2O2 

DBE 4-9 5, 6 and 9 4 and 5 6-9 5,6,7 and 9 5-7 2-5 7 1 2 
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