Unveiling sulfur speciation by deconvolution of low-resolution mass spectrometer data
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DATA PROCESSING

OBJECTIVE
The main objective of this project was to develop a sulfur prediction model
using Python that utilizes the ultrahigh resolving power of FT-ICR (Fourier
Transform-Ion Cyclotron Resonance) mass spectral data to deconvolve data
collected from the lower resolving power Time-of-Flight mass spectrometer
(TOF-MS). The ultrahigh resolving power of the ICR mass spectrometer
facilitates the resolution and separation of the 3.4 mDa split, which
represents mass difference between isobaric compounds that differ in mass
by C3 vs. SH4. This split is critical for the identification of sulfur in
petroleum crude oils and provides an insight into its complex structure,
which is necessary for the development of effective upgrading and refinery
strategies routinely applied in oil production.

BACKGROUND
The amount of low sulfur petroleum crude oil is
being depleted, causing a shift to the use of
higher sulfur crudes [1,2]. The sulfur content of
crude oils is strictly regulated to prevent air
pollution when the fuels are burned [3].
However, most oil companies only have access to
TOF-MS, which provides low-resolution mass
analysis. This prevents detailed spectral peak
resolution making it impossible to view the 3.4
mDa mass split necessary to visualize sulfur
species [4]. Without access to the necessary high
resolving power, oil companies are unable to
identify sulfur within their crudes making it
difficult to determine the molecular structure and
hence remove the sulfur from the oil.
FT-ICR-MS has a high level of resolving power,
so it can resolve ions with a high level of
precision, calculate accurate mass measurement,
and deter mine the complex chemical
composition of petroleum [1,4]. Therefore, the
development of software that can utilize the high
resolving power of the ICR magnet (which
isolates 3.4 mDa splits with ease) would be of
great use to oil companies that lack technology
with similar resolution. A prediction model can
be used to quantify the amount of sulfur in
crudes [2] based off of a high-resolution
technique to provide information from a low
resolving power instrument, such as a TOF. This
would help oil companies locate the sulfur,
identify how it is chemically bonded within the
mol ecu l ar str u ctu r e, an d d evel op n ew
approaches to remove the sulfur. This
development offers both a positive environmental
and economic impact for both consumers and oil
companies

Basic Algorithm in Python
1.
2.
3.
4.
5.

Import data file from PetroOrg
Sort data
Find the centroid using a polynomial fit equation
Separate out 3.4 mDa mass splits
Plot 3.4 mDa mass splits

Challenges
• Strategizing how to look for 3.4 mDa mass splits
• Requiring increased precision to calculate error using ppm
• Determining a percent error to identify sulfur mass split
Visualization of Original negative
ESI FT-ICR-MS data:

Visualization 3.4 mDa splits:

CONCLUSION
The sulfur prediction model was implemented using Python. The
program reads in a data file from PetroOrg, sorts the data, calculates
the centroid using a polynomial fit, then identifies 3.4 mDa mass splits
before producing a visualization of the processed data. This research
is ongoing and visualization of the 3.4 mDa mass splits was the initial
task prior to using the software to deconstruct TOF-MS data. This
work will help identify sulfur using low-resolution TOF-MS,
producing valuable information regarding sulfur speciation and
chemical composition for oil companies. As a result, more oil could be
used as fuel rather than to pave roads as asphalt or one of the many
alternative uses of crude oil with sulfur.

FUTURE WORK
• Begin to extrapolate TOF spectra based on the high
resolving FT-ICR spectra
• Develop alternative methods to separate 3.4 splits and
minimize error

Figure 1. Alternative use of sulfur
crude oil in asphalt when excess
sulfur cannot be removed [7]

• Perform more mass spectrometry experiments
Figure 6. Spectrum from PetroOrg of original
negative ESI mass experiment

Figure 7. This is a Python (matplotlib) produced plot
of all of the 3.4 mDa mass splits for the negative ESI
FT-ICR-MS experiment. The percent error is

±

1% of calculated mass difference.

SAMPLE PREPARATION
Figure 2. Time- of- Flight- Mass
Spectrometry Schema [8]
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Figure 4. Petroleum crude oil
samples being prepped for negative
ESI

Figure 3. Fourier Transform-Ion
Cyclotron Resonance- Mass
Spectrometry Schema [6]
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Figure 5. The Magnet Lab’s 9.4 T
FT-ICR system [6]

	
  
The oil samples containing the heteroatom sulfur were ionized into the
gas phase using negative electrospray ionization (ESI). Sample
preparation involved using a 1:1 ratio of toluene and methanol with
0.0125% TMAH by volume. The samples were then analyzed with a
custom built FT-ICR mass spectrometer equipped with a 9.4 T
superconducting magnet [5].

1. Marshall, A.G. and Rodgers, R. P. Petroleomics: Chemistry of the underworld. PNAS
2008, 105, 18090-18095.
2. Corilo, Y. E., Rowland, S. M., Rodger, R. P. Calculation of the Total Sulfur Content.
Energy Fuels 2016, 30, 3962-3966.
3. Carrales, M., Jr., Martin, R.W. Sulfur Content of Crude Oils. U.S. Bureau of Mines
1975, 1.
4. Xian, F., Hendrickson, C. L, Marshall, A. G. High Resolution Mass Spectrometry.
Analytical Chemistry 2012, 84, 708-719.
5. Lobodin, V.V., Juyal, P., McKenna, A. M., Rodgers, R. P., Marshall, A. G. Silver
Cationization for Rapid Speciation. Energy Fuels 2014, 28, 448.
6. https://nationalmaglab.org/education/magnet-academy
7. http://commonwealthmagazine.org/transportation
8. http://www.sensorsmag.com

