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Abstract

Gas Chromatography-Mass Spectrometry (GC-MS) is a widely used technique for analyzing the complex organic mixtures found in petroleum
source rocks and their derived products. Direct Sample Introduction (DSI) coupled with GC-MS offers a rapid alternative to traditional solvent
extraction methods, allowing for the analysis of thermally extractable organic matter with minimal sample preparation. This is particularly
advantageous for complex matrices like source rocks, where bitumen contains valuable information regarding the origin of hydrocarbons,
depositional setting and thermal history. While bitumen content and composition are influenced by thermal processes and exposure time,
traditional solvent extraction methods, although effective, can be time-consuming and may introduce biases due to potential loss of volatile
compounds. DSI-GC-MS minimizes these issues by directly analyzing the whole rock. However, particle size (PS) is a critical parameter in this
analysis, as it directly affects heat transfer, thermal desorption kinetics, and the release of compounds from the sample matrix, but the literature
lacks studies towards this optimization. Therefore, understanding the influence of PS is crucial for obtaining accurate and representative data
on the composition of thermally extractable organic matter in source rocks. This study aimed to optimize analytical conditions for DSI-GC-MS
analysis of petroleum source rocks, specifically investigating the influence of PS. Four different PS fractions were prepared by crushing and
sieving the rock samples: >250 um, 180-250 um, 125-180 um, and <125 um. For each analysis, approximately 40 mg of the sample from each
particle size fraction was weighed into a deactivated stainless-steel Eco-cup LF. Analyses were performed using a Frontier Lab EGA/PY -
3030D pyrolyzer coupled to a Shimadzu GC/MS-QP2020 gas chromatograph-mass spectrometer. The GC, equipped with a HP-PONA column,
was programmed from 30°C (5 min) to 320°C at 15°C min-1 (40 min hold), using a 1:25 split and helium at 1.05 mL min-1. The MS transfer
line and source were kept at 310°C and 250°C, respectively, with data acquired with a scan of m/z 35-500. The results demonstrated good
repeatability in analyzing aliphatic hydrocarbons (C14 - C35) from the rock samples, with coefficients of variation ranging from 6.3% to 24%.
Statistical analyses, including Hierarchical Cluster Analysis (HCA) and Multivariate Analysis of Variance (MANOVA), revealed significant
differences in chemical profiles across PS (p < 0.05). HCA showed larger Euclidean distances between coarser and finer granulometries,
reinforcing that finer PS shared closer chemical characteristics. PS directly influenced thermal desorption kinetics and sample packing,
particularly affecting the release of less volatile compounds. While the DSI-GC-MS technique proved effective for rapidly screening the
thermally extractable organic matter, including hydrocarbons and biomarkers, the variations observed across particle sizes highlight the
importance of controlling this parameter for accurate and reproducible results. Further optimization of DSI parameters, as well as a more
detailed investigation into the effects of particle size on individual compound classes, could further enhance the reliability and quantitative
capabilities of this method for source rock characterization.



