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Quantificagdo e identificagdo de misturas de biodiesel de soja com petrodiesel foram
realizadas via espectrometria de massas utilizando duas técnicas de ionizacio: electrospray (ESI) e
Venturi easy ambient sonic-spray em seu modo liquido (V, -EASI). Diferentes misturas de biodiesel/
petrodiesel (de BO até B100) foram diluidas e diretamente injetadas e analisadas por ambas as
técnicas. Para investigar a adulteragdo em blendas Bn, misturas 6leo de soja/biodiesel e dleo de
soja/petrodiesel foram analisadas. Curvas analiticas foram obtidas em triplicata. As duas técnicas
apresentaram quantifica¢do suficientemente precisa na faixa de B1-B20. Estas técnicas foram tteis
também na detec¢do de contaminacdo ou adulteracdo das misturas Bn com dleos vegetais. A técnica
de ESI € hoje largamente difundida e comercialmente acessivel enquanto que uma fonte de V, -
EASI pode ser facilmente montada usando pecas comuns de laboratério dispensando a aplicagio
de altas voltagens. As duas técnicas ndo necessitam de etapas de pré-separagdo ou derivatizagido
e, portanto, oferecem métodos simples e rdpidos para quantificacdo de misturas Bn. A deteccio
instantanea e abrangente da composicdo molecular permite o controle de qualidade e tipificagcdo
de biodiesel e, eventualmente, de 6leos vegetais em misturas ilegais.

Quantitation and identification of blends of soybean biodiesel with petrodiesel were performed
via mass spectrometry using two ionization techniques: electrospray ionization (ESI) and Venturi
easy ambient sonic-spray ionization in its liquid mode (V,-EASI). Different soybean biodiesel/
petrodiesel blends (from BO to B100) were diluted and then directly infused and analyzed by both
techniques. To investigate adulteration of Bn blends, different soybean oil/biodiesel and soybean
oil/petrodiesel blends were analyzed. Analytical curves were obtained in three replicates. The two
techniques were shown to provide reasonably accurate quantitation in the B1-B20 range. These
techniques were also successfully used to detect contamination or adulteration of Bn blends with
vegetable oils. ESI is a widely used and commercially available technique whereas a V,-EASI
source can be easily mounted using common laboratory parts requiring no use of high voltages.
Both techniques require no pre-separation or derivatization steps and offer, therefore, simple and
fast methods for the quantitation of Bn blends. The comprehensive snapshots of the molecular
composition also allow quality control and typification of the biodiesel and eventually of the
vegetable oils in illegal admixtures.
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Introduction

Fatty acid methyl and ethyl esters derived from
vegetable oils, commonly known as biodiesels, are
receiving considerable attention as alternative engine fuels
since their properties are very similar to petrodiesel and
can therefore be used in compression-ignition engines
without modification.'? Nevertheless, successful
commercialization and market acceptance of biodiesels
require a strong effort in assuring their fuel properties and
product quality.> However, quality control is challenging
for biodiesels since their composition varies due to the
many feedstock used for its production, and their use
occurs mainly as admixtures with petrodiesel, which are
known as Bn blends (where n stands for the v/v percentage
of biodiesel). In Brazil, for instance, B5 is currently the
mandatory blend used for commercialization.*

The analytical methods commonly used to evaluate fuel
quality and monitor biodiesel production® are based mainly
on chromatographic methods, such as gas chromatography
(GC),® high-performance liquid chromatography
(HPLC)" and gel permeation chromatography (GPC)>#® or
spectroscopic methods such as nuclear magnetic resonance
(NMR),*'! near-infrared (NIR),'? Fourier transform infrared
spectroscopy (FTIR)" and FT-Raman spectroscopy.'*!* To
determine the “n%’ of Bn blends, spectroscopic techniques
seem to be ideal since they are fast and easily adapted
for routine process analysis. GC is less suitable for Bn
quantitation due to the complexity of the chromatograms
caused by the numerous components of conventional
diesel fuel.'® HPLC has shown, however, to provide proper
quantitation of Bn blends."”

IR spectroscopy has also been applied to quantitate
Bn blends using the area of the band corresponding to the
carbonyl moiety at 1740 cm™."*!” IR may suffer, however,
from interferences such as blends contaminated with
vegetable oil or other impurities bearing carbonyl groups.
NIR spectroscopy has also been applied for Bn quantitation,
allowing the discrimination between biodiesel and vegetable
oils by monitoring differences in the spectra of methyl
esters and triacylglicerides (TAGs), the main compounds
in vegetable oils.* 'TH NMR spectroscopy also allows Bn
quantitation since the signal for the methylenic and methynic
hydrogen atoms (CH, and CH) of the glycerol portion of the
vegetable oils absorbs in different frequencies than those
from the methoxy groups (O—CH,) of biodiesel molecules.?

Mass spectrometry (MS) is a very promising technique
for Bn quantitation and quality control due to its high
chemical selectivity and high speed of analysis.?!
Several complex mixtures, such as food products,?
vegetable oils,” petrofuels®* and biodiesel*?¢ have been

Abdelnur et al. 947

successfully analyzed by direct MS approaches without
pre-separation or derivatization steps. Furthermore,
with the introduction of a diverse set of ambient
desorption/ionization techniques,”’ MS analysis can be
more easily performed,”® with minimal requirements for
sample handling and preparation. These ambient MS
approaches enable the direct MS analysis of samples in their
natural environment or matrices, or by the use of auxiliary
surfaces. Easy ambient sonic-spray ionization (EAST)® is
one of such ambient techniques, and has been widely used
for the analysis of different analytes and matrices, such
as drug tablets,” fabric softeners,* natural products®' and
fuels.’>3* EASI-MS is a spray-based desorption/ionization
technique that requires only the assistance of compressed
nitrogen or air.2® A simplified version of EASI was recently
developed, Venturi EASI (V-EASI),* which incorporates
Venturi self-pumping, eliminating therefore the need for
electrical pumping. V-EASI has been shown to handle both
solid (V_-EASI) and liquid (V,-EASI) samples.*

Our group has shown in previous works*®37 that
direct infusion ESI-MS in both positive and negative ion
modes allows fast fingerprinting and quality control of
biodiesels. In the negative ion mode, ESI(—)-MS provides
profiles of the free fatty acids (FFA), which function as
natural chemotaxonomic markers for the parent animal
fat or vegetable oil. EASI(+)-MS has been also used to
characterize and to control the quality of biodiesel via profiles
of the fatty acid methyl esters (FAME).*>** Augusti and co-
workers® have also provided evidence that direct ESI-MS
can be used to quantify Bn blends. Eberlin and co-workers®
have also shown that EASI-MS is able, using an internal
standard, to quantitate and monitor the quality of soybean
biodiesel/petrodiesel (Bn) blends with results compared
to those obtained by nuclear magnetic resonance (NMR)
spectroscopy and mid-infrared (IR) spectroscopy. In this
study, a comprehensive investigation and a comparison
of the ability of ESI and V,-EASI techniques to provide
accurate, simple and fast approaches to quantitate and to
control the quality of Bn blends are described. These two
direct ionization techniques were applied to sample solutions
(no desorption was employed).

Experimental
Chemical reagents and samples

High-performance liquid chromatography (HPLC)-grade
methanol was purchased from Merck SA (Rio de Janeiro,
Brazil) and used without further purification. Commercial
samples of diesel and soybean biodiesel were used. Bn blends
were prepared by mixing biodiesel with diesel to define the
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levels of the blends in the following proportions: 1, 2, 5, 10,
20 and 50%. Blends of soybean biodiesel and soybean oil
were also prepared in the 5 to 50% v/v range. A single blend
was prepared adding 10% of soybean oil in petrodiesel. The
experimental design of all sample preparation was performed
in three replicates for each sample, which was diluted ten
times in methanol before analysis.

General experiment procedures

ESI-MS spectra were obtained in the positive ion mode
in a Q-ToF mass spectrometer (Micromass, Manchester,
UK) equipped with a TriVersa NanoMate® (Advion
BioSciences, Ithaca, NY, USA) robotic nanoflow ion
source. Nanoelectrospray chips with the diameter of
spraying nozzles of 4.1 mm were used. The ion source
was controlled by a Chipsoft 8.3.1 software (Advion
BioSciences, Ithaca, NY, USA). Ionization voltage was
+1.4 kV and backpressure was set at 0.3 psi. Q-ToF major
parameters were: cone voltage 35V, extractor 4 V, source
temperature 100 °C and desolvation temperature 100 °C.

Aliquots of 100 puL of sample (diesel, soybean oil,
biodiesel, and diesel/biodiesel, diesel/soybean oil and
biodiesel/soybean oil blends) were transferred to a flask
containing 900 uL of a methanol/toluene (1:1) and 0.1%
formic acid solution. After shaking for 30 s using a
vortex and 5 min of centrifugation, 100 puL of this solution
were taken and diluted to 1 mL of total volume with
methanol containing 0.1% of formic acid. The resulting
solution was then directly infused using the TriVersa
NanoMate® source. All the ESI(+)-MS data were analyzed
by using the MassLynx 4.1 software (Waters, Manchester,
UK). Mass spectra were accumulated over 60 s to generate
final data ranging from m/z 100 to 1000. ESI(+)-MS data
were analyzed and the analytical curves were plotted for
the quantification of these blends.
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V. -EASI-MS experiments were performed in the positive
ion mode using an ion trap mass spectrometer (HCT ETD II
System from Bruker, Bremen, Germany) and a homemade
V,-EASI ionization source described in details elsewhere.*
The sonic-spray ionization for V,-EASI was assisted by
compressed N, at ca. 10 bar and a flow of 3.5 L min!. The
V,-EASI source® used a simple Swagelok T-element with
appropriate ferrules and a 53 mm long stainless steel needle
for the gas flow (i.d. = 400 pm and o.d. = 728 pm) and a
fused-silica capillary (i.d. = 100 um and o.d. = 125 pm) at the
sonic-spray exit for the liquid flow. Pumping of the analyte or
spray solution was caused by the Venturi effect at a flow rate
of ca. 10-15 puL. min''. Mass spectra were acquired over the
m/z 50-1000 range.

Aliquots of 100 uL of sample (diesel, biodiesel, and
biodiesel blends) were transferred to a flask containing
900 pL of a methanol and 0.1% formic acid solution. All the
V,-EASI(+)-MS data were analyzed by using the Esquire
Control 6.2 and Data Analysis software (Bruker, Bremen,
Germany). Mass spectra were accumulated over 60 s to
generate final data ranging from m/z 100-1000.

Results and Discussion

ESI(+)-MS of the pure soybean biodiesel (B100) and
pure petrodiesel (BO) were found to be very distinct and
characteristic, as shown in Figure 1. The mass spectrum of
B100 (Figure 1a) shows the characteristic set of ions for
FAME,* in which the protonated FAME molecules from
linoleic acid predominate, that is, the [FAME + H*] ion of
m/z 295.26 (mlz 295.264 calculated for [C ,H,,0, + H*]),
with minor [FAME + H]* ions from esters of oleic acid,
m/z297.29 (m/z297.2779 calculated for [C,,H,,O, + H*]) and
linolenic acid, m/z 293.27 (m/z 293.248 calculated for
[C,,H;;0, + H*]). Another set of ions of m/z 591 is due
to [FAME-H-FAME]* proton-bound dimers. The ESI(+)
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Figure 1. ESI(+)-MS for diluted solutions of (a) soybean biodiesel (B100) and (b) petrodiesel (B0).
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Figure 2. ESI(+)-MS for diluted solutions of (a) B1, (b) B2, (¢) B5, (d) B10 and (e) B20 blends.

mass spectrum of petrodiesel (Figure 1b) also shows a very
unique and rich profile of polar markers mainly comprised
of a homologous series of N-polycyclic heteroaromatic
compounds,® that is, a homologous series of alkylpyridines.*!

Figure 2 shows the ESI(+) mass spectra obtained for Bn
blends. To assure the most accurate possible quantitation, a
robotic nanoflow ion source with nanoelectrospray chip was
employed. The B1, B2, B5, B10 and B20 blends are readily
recognized mainly due to the detection and prominence
of the characteristic FAME ions of m/z 295 and 589 (the
protonated molecule from linoleic acid methyl ester and
its proton bound dimer, respectively). Note that for B20,
the FAME ions are predominant but the homologous
series of marker ions for petrodiesel are still recognized.
For blends higher than B20, however, the petrodiesel ions
are drastically suppressed (spectra not shown), which
result therefore in poor mass spectral distinction between
these Bn.

Figure 3 shows the analytical curve for the B1-B20
blends using the abundance ratio for the m/z 272 ion (the
most abundant for petrodiesel) and that of m/z 295 (the
protonated molecule of the major FAME ion of soybean
biodiesel). Note that the accurate quantitation (R?>= 0.993)
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Figure 3. Analytical curve for the Bn (1-20) blends as measured via
ESI(+)-MS (n=3).
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Figure 4. ESI(+)-MS for (a) a diluted methanolic solution of 10% of soybean oil in biodiesel, and (b) 10% of soybean oil in petrodiesel.

is obtained in a direct and rapid fashion using the robotic
nanochip ESI(+) source.

ESI(+)-MS was also tested in its ability to detect
contamination of soybean biodiesel and petrodiesel
with soybean oil, for adulteration and quality control
purposes. Figure 4 shows, for instance, the ESI(+)-MS
of 10% of soybean oil in biodiesel, and 10% of soybean
oil in petrodiesel. According to the literature,*’ the most
dominant TAG fatty acid moieties in edible oils are from
palmitic (P, 16:0), stearic (S, 18:0), oleic (O, 18:1), linoleic
(L, 18:2) and linolenic acids (Ln, 18:3). In both cases, the
characteristic soybean oil TAG ions in their [TAG + Na]*
forms: PLL (m/z 855), PLO (m/z 857), POO (m/z 859),
LLLn (m/z 877), LLL (m/z 879), LLO (m/z 881), OOL
(m/z 883), and OOO (m/z 885)3? were promptly detected,
despite their lower ionization efficiencies when compared
to the FAME molecules. A limit of detection of ca. 5%
v/v for both admixtures was achieved. Note that the most
abundant ion detected for the TAG components was that
of LLL (m/z 879), followed by PLL (m/z 855).

An analytical curve for the addition of soybean oil in
soybean biodiesel was also constructed (Figure 5). For this
curve, the ratio of the total abundances of the two most
abundant ions for the soybean oil (m/z 879) and soybean
biodiesel (m/z 295) was plotted to minimize fluctuations in
abundances that could occur due to instrument variability.
Note that the use of the ion ratio and a robotic nanochip
ESI(+)-MS source provides a quite good correlation of ca.
R?=0.993 in the range of 5-50% v/v.

The V, -EASI source in the liquid mode also applicable
to sample solutions was also tested for Bn analysis and
quantitation. Figure 6 shows a scheme of the fully direct
V,-EASI analysis whereas Figure 7 shows representative
V,-EASI spectra for petrodiesel (BO), soybean biodiesel
(B100) and a typical B10 blend. Note in Figure 6 the

0.0254

0.020-

0.0154

0.010

0.0054

Absolute intensity (m/z 295/272)

y =0.0004x +0.0007
R?=0.9927

0.000.

5 10 15 20 25 30 35 40 45 50
Bn in biodiesel / %

Figure 5. Analytical curve for blends of soybean biodiesel and soybean
oil (n = 3).

simplicity of the V -EASI setup, which uses simple
laboratory parts and requires no electrical pumping, no
voltages or heating, and demands only the assistance of
compressed nitrogen (or a can of compressed air).*

As for ESI(+)-MS, V,-EASI(+)-MS also provides
proper quantitation of Bn blends in the 1-20% range
with quite similar figures of merits. An analytical curve
was constructed for V, -EASI(+)-MS (not shown), and as
expected for a less stable source (as compared to the robotic
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Figure 6. Schematic representation of the V| -EASI analysis of Bn blends.
A droplet of the Bn blend is diluted in acidified methanol and simply
sprayed via V| -EASI for the direct MS analysis.
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Figure 7. V-EASI(+)-MS of a diluted solution of (a) petrodiesel (BO), (b) soybean biodiesel (B100) and (c) B10 blend.

nanochip Nanomate source), less accurate quantitation was
noted (R*=0.980). The accuracy of V,-EASI, however, is
still acceptable, especially when considering its extremely
low cost and high simplicity.

Conclusions

Both the widely used and commercially available
ESI(+) technique using a robotic nanochip source and the
non-commercial V| (+)-EASI technique using a source that
can be easily mounted using common laboratory parts and
that requires no use of high voltages have been found to
offer interesting alternatives for the quantitation and quality
control of Bn blends in the B1-B20 range. If an internal
standard is used, as demonstrated recently for the EASI
technique,® an even more direct desorption/ionization
approach can be employed for proper quantitation and
quality control. Screening and characterization of
contamination or adulteration with vegetable oils are also
feasible. Since no pre-separation or derivatization steps
are required, these techniques offer therefore fast methods
for Bn quantitation and sample characterization at the
molecular level. For improved accuracy, a robotic nanochip
ESI(+) source could be employed. These techniques
also provide comprehensive snapshots of the molecular
composition, hence detection of other impurities as well
as the detection and typification of vegetable oils present
in illegal admixtures are feasible.
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