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Abstract

The origin of crude oils is a critical aspect of the discrimination between oils derived from distinct depositional environments. However, when
dealing with mixtures of oils from different origins, such differentiation proves to be difficult. In these cases, developing alternative
methodologies for accurately quantifying the composition of mixed oils becomes crucial to overcome the limitations of discriminatory
approaches. This study proposes a novel approach using Fourier-transform ion cyclotron resonance mass spectrometry (FT-ICR MS) in
conjunction with various chemometric tools to determine the content of lacustrine crude oil in mixtures of lacustrine and marine crude oils.
Synthetic mixtures of lacustrine and marine crude oils were prepared, varying the mass content of lacustrine crude oil between 0 and 100
(%m/m). These samples were analyzed using atmospheric pressure photoionization, in positive mode (APPI (+)) coupled to FT-ICR MS. Two
chemometric strategies were applied: multivariate curve resolution-alternating least squares (MCR-ALS) and partial least squares regression
(PLS) for constructing predictive models of lacustrine crude oil content in the crude oil mixtures. The APPI (+) FT-ICR MS analysis enabled
the characterization of the crude oil mixtures regarding chemical composition. An increase in lacustrine crude oil content in mixtures presented
a decrease in the relative abundance of hydrocarbons and oxygenated compounds, while the relative abundance of nitrogen- and sulfur-
containing compounds increased. Additionally, the application of chemometric methods facilitated the development of models for quantifying
lacustrine crude oil content in the mixtures. Regarding MCR-ALS, mathematical chromatography was applied to the data, allowing the
recovery of both the spectral profiles of pure components and the concentration profiles of each component. The spectral profiles showed
excellent Pearson’s correlation (R), with values exceeding 0.99 for both profiles. The concentration profiles and reference values also yielded
an R of 0.97, demonstrating that MCR-ALS enabled accurate quantification of lacustrine and marine oil content in the mixtures. PLS
regression was used to develop a robust multivariate calibration model with high predictive capacity. Using all observed compounds, the model
achieved an R of 0.999 for calibration and 0.98 for prediction. The root mean square error of calibration (RMSEC) was 1.07, while the root
mean square error of prediction (RMSEP) was 6.94, demonstrating a good performance of the PLS model in the prediction of lacustrine crude
oil origin in mixtures. This study highlights the effectiveness of Fourier-transform ion cyclotron resonance mass spectrometry (FT-ICR MS)
combined with chemometric tools in addressing the challenges associated with the determination of crude oil origin in mixtures. The proposed



approach successfully characterized the chemical composition of synthetic mixtures, and enabled a reliable prediction of lacustrine crude oil
content in mixtures, showcasing the importance of chemometrics tools and FT-ICR MS analysis in the crude oil industries.



