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Raw files were processed using alpha versions of an in-house Component Detection
algorithm. As part of the feature detection phase, this algorithm analyzes the isotope
patterns for the presence of “exotic” isotopes. The algorithm is able to accomplish this
since it looks at every ion in every scan, and by pattern analysis can determine if a
particular ion belongs to an isotope cluster, and which element it is from. Although it is
only able to assign a probability to this identification, testing has shown that ion
assignments above a 90% confidence level are accurate.
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For a given resolution, mass and intensity, the algorithm knows whether or not a
particular exotic should be detected, and at what abundance relative to Carbon. These
limits are then used to define the element set and abundances for the final calculation
of the probable formulae and their likelihood scores.
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Overview

Purpose: This approach to elemental composition exploits the wealth of isotope
information present in very high resolution data to limit the elements, and their
frequency of occurrence, in order to improve the elemental composition result.
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FIGURE 1. Mixture of 500 pesticides run on an Orbitrap Velos Pro MS. Carboxin
(detected m/z 236.0734) component detected. Top cell is TIC chromatogram,
middle is a portion of the component list, and the bottom cell is the extracted
Ion Chromatogram (XIC) for a single component
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For a given resolution, mass and intensity, the algorithm knows whether or not a
particular exotic should be detected, and at what abundance relative to Carbon. These
limits are then used to define the element set and abundances for the final calculation
of the probable formulae and their likelihood scores.
A sample spiked with the 500 pesticide standard was run on a Thermo ScientificTM
Orbitrap Velos ProTM ion trap mass spectrometer at 120K resolution. After component
detection the chromatographic peak from the pesticide Carboxin was selected.
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In this case, the correct formula is at the top of the list of possibilities returned by
Elemental Composition (not shown). The mass accuracy is 0.4 ppm. If there were
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doubt about the formula assignment, the A1 15N intensity is only compatible with a
Elemental Composition (not shown). The mass accuracy is 0.4 ppm. If there were
C/N ratio of 3/2., as shown in Fig 2c. The other two possibilities (albeit far removed in
doubt about the formula assignment, the A1 15N intensity is only compatible with a
mass value) have ratios of 8/1 and 4/7, and clearly don’t match the data. This is shown
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in Fig. 2c below.
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FIGURE 2c. Simulations of the 3 possible formulae for this mass 174 A1 ion.
Experimental data at top, below are the 3 formulae shown in the combo box at left
FIGURE 2c. Simulations of the 3 possible formulae for this mass 174 A1 ion.
and the spectral view to the right. The correct formula is second trace from the top.
Experimental data at top, below are the 3 formulae shown in the combo box at left
and the spectral view to the right. The correct formula is second trace from the top.
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2 Smart Elemental Composition by Automatically Limiting the Element Set
In Fig. 3a above, the data is the bottom row of A0, A1, A2, and A3 isotopes, the correct
formula (C17 H18 O6 Cl) in the middle row, and a formula (one of many), that are
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In Fig. 3a above, the data is the bottom row of A0, A1, A2, and A3 isotopes, the correct
formula (C17 H18 O6 Cl) in the middle row, and a formula (one of many), that are
closer in mass but contain Nitrogen, is in the top row. Since the experimental data did
not show the presence of N15 by our analysis, the expected formula of Griseofulvin (at
-2.6 ppm3b.
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In Fig. 3a above, the data is the bottom row of A0, A1, A2, and A3 isotopes, the correct
formula (C17 H18 O6 Cl) in the middle row, and a formula (one of many), that are
closer in mass but contain Nitrogen, is in the top row. Since the experimental data did
not show the presence of N15 by our analysis, the expected formula of Griseofulvin (at
-2.6 ppm error) is second on the list of possible formulae.
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In Fig. 3b above, the observed data is the bottom row of A0, A1, and A2 isotopes.
While the correct formula is unknown, in the middle row is the best match that has a
low enough count of 15N to be consistent with the observed lack of a 15N A1 isotope.
That formula has a mass error of 1.3 ppm. All of the better matches in mass value
have several Nitrogen in the formula, and the top row is a the spectrum of one of
those. While the A2 is weak enough that the 15N peak may not be visible, it should be
for the A1 if the top formula is correct.

FIGURE 3c. Isotopes for the 354.1314 peak

In Fig. 3c above, the observed data is the bottom row of A0, A1, and A2 isotopes, the
correct formula (C14 H28 N O3 P S2) in the middle row, and a formula (one of many),
that are closer in mass but contain more Nitrogen, is in the top row. Our algorithm did
not detect an A1 15N isotopologue and computed the C/N ratio at 10/1 or greater. With
this constraint on the element set, the expected formula of Piperophos (at -1.9 ppm
error) is fourth on the list of possible formulae, computed by elemental composition.

Conclusion


Use of very high resolution spectra is an important tool to constrain the element
set and the relative abundances in the determination of the correct chemical
formula.



The automatic determination of elements which must (or must not) be used in
elemental composition is always preferable to manual inspection.



This method automatically provides an element set, and limits to abundances for
formula calculation, on a per-feature basis.



This method has been shown to work best within the limits of resolution and M/Z
shown in the table below. As the maximum useable M/Z is approached, the
accuracy of the limits value decreases until it becomes a ‘present/not present’
detector.
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