Molecular-Level Compositional Analysis of Condensates and Crude
Oils by GC×GC MS and FT-ICR MS
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Introduction
Petroleum is known to be an incredibly complex mixture. Petroleum is also
very compositionally diverse based on a variety of factors such as
geographical location, thermal history, and depositional environment (type
of source rock). With recent advances in analytical techniques such as
Fourier Transform Ion Cyclotron Resonance Mass Spectrometry (FT-ICR
MS) and two dimensional gas chromatography (GC×GC), it is now
possible to analyze petroleum and petroleum derived materials at the
molecular level, which will allow us to gain insights for the compositional
dependence of behavior for these complex mixtures.
In this study, we analyze three samples with both GC×GC and FT-ICR MS.
Sample A and Sample B are condensates (light distillates) from off shore
Mozambique. Sample C is part of the HESS Tano/Cape Three Project
located 44 miles offshore Ghana. This experiment compares the
composition of condensates from these two ﬁelds (Eastern Africa) and oil
from the Western Africa using two methods: Two dimensional gas
chromatography (GC×GC Time-of-Flight (TOF)) mass spectrometry and
Fourier Transform Ion Cyclotron Resonance (FT-ICR) mass spectrometry.
This study compares the data aquired by both analytical methods.

Figure 2. Color-contoured 2-D chromatograms for the GCxGC MS of sample B.
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Methods
GC × GC MS
Eastern Africa Condensates - Sample A and Sample B were ﬁrst put in
a centrifuge to separate the condensates from the solids in the samples.
Two-dimensional gas chromatography was performed on a LECO
Pegasus 4D with an Agilent 7890A GC. The carrier gas was Helium. For
the ﬁrst oven, the initial temperature was 40°C which was held for 30
seconds. The temperature then increased 2°C every minute until the oven
reached 340°C. For the secondary oven, the initial temperature was 45°C
for 30 seconds and also increased by a rate of 2°C per minute until it
reached 345°C. The modulator started at 50°C for 30 seconds and
increased by a rate of 2°C per minute until it reached 350°C.

Western Africa Crude Oil - Sample C was diluted 1:1 with Toluene. Twodimensional gas chromatography was performed on a LECO Pegasus 4D
with an Agilent 7890A GC. For the ﬁrst oven, the initial temperature was
40°C which was held for 30 seconds. The temperature was then increased
by a rate of 2°C every minute until the oven reached 340°C, which was held
for a duration of 5 minutes. For the secondary oven, the initial temperature
was 45°C for 30 seconds and also increased by a rate of 2°C per minute
until it reached 345°C, which was also held for 5 minutes. The modulator
started at 50°C for 30 seconds and increased by a rate of 2°C per minute
until it reached 350°C, which was held for 5 minutes.

Figure 3. Color-contoured 2-D chromatograms for the GCxGC MS of sample C.
Tabel 1. Mass percentages for aliphatic and aromatic hydrocarbons for Samples A-C
Paraffins
Hopane
Sterenes
1 Ring Aromatics
1-2 Ring Aromatics
2 Ring Aromatics
2-3 Ring Aromatics
3+ Ring aromatics
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Sample A
46%
0.19%

Sample B
44%
0.01%

Sample C
78%
0.32%
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FT-ICR MS Analysis
Sample B

Sample C

FT-ICR MS

Polarity

The APPI source (Thermo-Fisher Scientiﬁc, San Jose, CA) was coupled
to the ﬁrst pumping stage of a custom-built FT-ICR MS (see below) through
a custom-built interface. Tube lens was set to 50 V to minimize
fragmentation of thermalized ions and a heated metal capillary current of
4.5 A. A Hamilton gastight syringe (2.5 mL) and syringe pump were used to
deliver the sample (50 μL/ min) to the heated vaporizer region (300 °C) of
the APPI source, where N2 sheath gas (50 psi) facilitates nebulization,
while the auxiliary port remained plugged. Gas-phase molecules ﬂow out
of the heated vaporizer in a conﬁned jet, and photo-ionization is initiated by
a krypton vacuum ultraviolet gas discharge lamp (10 eV photons, 120 nm).
DBE values (DBE = c − h/2 + n/2 + 1, calculated from the ion elemental
composition, CcHhNnOoSs) and may thus be distinguished from radical
cations with integer DBE values.
GC×GC MS Sample A

Figure 4. Positive-ion atmospheric pressure photo-ionization (APPI) MS results plotted
as color-contoured images of double bond equivalent (DBE) vs. carbon number.

Results and Conclusions
The quantitative data afforded by gas chromatography shows that the
condensates have low carbon number, high parafﬁn content (~43%-51%),
and also high 1 ring aromatic content (~40%-44%) while containing very
little hopanes (biomarkers). Additionally, the peak patterns on the
chromatograms (and in FT-ICR data) are similar, which supports that their
closeness in composition is due to the condensates originating from the
same ﬁeld. There is a line at carbon number ~40 for Sample C (red oval,
Figure 4) that is speculated to be a series of biomarkers. This would be
related to the depositional environment in which the oil was formed. Future
work should explore this further. The FT-ICR MS data reveals higher DBE
and carbon number species not accessible by GC. However, GC×GC
analysis exposes saturated compounds that were not detected by FT-ICR
MS. Lastly, FT-ICR MS was able to detect heteroatom-containing
compounds (those that contain N, O, and S) that boil outside the range
accessible by GC×GC. This is especially useful, as these species are
known to cause production and reﬁning issues.
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