A METHODOLOGY OF SEMI-QUANTIFICATION IN COMPLEX MIXTURE
USING DIRECT INFUSION FOURIER TRANSFORM ION CYCLOTRON
RESONANCE MASS SPECTROMETRY

Introduction:

Fourier transform ion cyclotron resonance mass spectrometry (FTICR-MS) has proven to be an essential tool in the study

of complex organic mixture, especially for petroleum or new energy products [1-3]. Due to these high performances in

terms of resolution, mass accuracy, and dynamic range, this instrument allows distinguishing features according to their

mass-to-charge ratio (m/z) and to assign a unique molecular formula to each signal (Figure 1) [4]. Thus, advanced and

comprehensive molecular characterization at isobaric levels can be performed. This instrument is however not often used for

quantitative studies, although the industrial demand is high.
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Figure 1. FTICR-MS as valuable tool for the molecular characterization of complex organic mixture

As the signals obtained in mass spectrometry are proportional to
both the concentration and the response factor, calibration with
standard molecules is necessary. This can be done by internal
calibration [5], external calibration [6], and standard addition
method [7]. For quantification, mass spectrometry is usually
used with hyphenated separation methods such as liquid or gas
chromatography. However, the huge amount of isomers can yield
to a very low concentration for each individual molecule that
could be not detected using chromatographic techniques. One
way to overcome this issue is to perform direct infusion mass
spectrometry as higher sensitivity is expected owing as isomers
are not separated.

In this work, direct infusion ultra-high resolution mass
spectrometry is used to perform a semi-quantification of
molecules present in complex organic mixture. Standard addition
method (SAM) was used in order to take into account matric
effects.

Methodology:
General overview of the standard addition method:
The standard addition method is mainly used when the analyte

to be quantified is in the presence of a complex environment
leading to a strong matrix effect. The presence of other species
can indeed lead to a significant modification of the signal of the
analyte compared to the signal obtained with the analyte alone
in solvent. Therefore, adding the standard directly to the sample
overrides this eventual change in signal intensity. With SAM, the
sample will be analyzed with known supplemental additions of
the substance to be measured.

To be used, the standard addition method requires a linear
relationship between the response factor and the concentration
of the analyte with minimum of three points [8]. The
concentration of the standard should be between 0.5 and 4
time the analyte concentration [9, 10]. SAM involves five main
steps. The first step is the measurement of the analyte signal

(1) sample

(2) standard addition (3) FTICR-MS analysis (4) linear regression

(Figure 2.1). Then, a known quantity of the standard was added
(Figure 2.2). As the added volume is known, the concentration

of the standard can be deduced. The intensity is measured after
each addition (Figure 2.3) and reported as a function of the
concentration on a graph ensuring that the additions remain
within the linearity range (Figure 2.4). A too-high concentration
range could lead to nonlinear response. The concentration of the
analyte is finally obtained by extrapolation of the concentration
absolute value obtained at the x-axis intercept (Figure 2.5).

Application to a complex organic mixture:

Due to the high number of signals present in a complex organic
mixture, the SAM cannot be performed on all signals especially
since it is impossible to find all standard molecules. The
approximation made in the case of complex mixtures is that

all molecules belonging to the same molecular class have the
same response factor. For example, all N,-containing species
(i.e. CHN, species) would present the same signal evolution.
However, to be used, this approximation requires that molecules
in the same class have a similar structure. Therefore, it is
necessary to carry out a structural study on several molecules
present in the sample before the quantitative analysis. This
structural characterization is important to identify appropriate
standard molecules.

Tandem mass spectrometry (MS/MS) is a way to access such
structural information in complex mixtures. Typically, ions of
interest were isolated with the quadrupole and fragmented
afterward through collisional activation. In the case of complex
mass spectra, the low resolution for mass selection afforded by

(5) extrapolation
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Figure 2. Methodology of the standard addition method
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Figure 3. Comparison between isolations of m/z 229.16991 with (1) quadrupole selection and (2) in-cell selection

the quadrupole induces the co-isolation of many isobaric ions
and the MS/MS spectra can be difficult to interpret (Figure 3.1)
[11, 12]. However, FTICR mass spectrometers allow a high-
resolution mass selection directly in the ICR cell using frequency-
specific excitation pulses [13]. This allows a very accurate
isolation of the ion of interest without the detection of isobaric
ions (Figure 3.2).

Conclusion:

This approach was applied successfully for the quantification
of nitrogen-containing species (N, and N, classes) in

plastic pyrolysis oil from municipal waste. The structural
characterization was obtained by tandem mass spectrometry
using high-resolution mass isolation and infrared multiphoton
dissociation fragmentation. Then, the semi-quantification was
performed using 2-methylquinoxaline and 2-butylquinoline
standard molecules [14]. The semi-quantification by direct
infusion FTICR-MS for complex organic mixture was
demonstrated for the first time. The reported methodology can
be applied to numerous other families of compounds in various
other complex mixtures.

Example of application to a plastic
pyrolysis oil:
Mase, C., et al. (2022). “Speciation and semi-quantification of

nitrogen containing-species in complex mixtures: application to
plastic pyrolysis oil.” ACS Omega.
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