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Abstract. Polyalphaolefins (PAOs) are polymers
produced from linear alpha olefins through cata-
lytic oligomerization processes. The PAOs are
known as synthetic high-performance base stock
fluids used to improve the efficiency of many
other synthetic products. In this study, we report
the direct characterization of PAOs using atmo-
spheric solid analysis probe (ASAP) coupled with
ion mobility spectrometry-mass spectrometry
(IMS-MS). We studied different PAOs grades

exhibiting low- and high-viscosity index. Specific adjustments of the ASAP source parameters permitted the
monitoring of ionization processes as three mechanisms could occur for these compounds: hydride abstraction,
nitrogen addition, and/or the formation of [M−2H]+• ions. Several series of fragment ions were obtained, which
allowed the identification of the alpha olefin used to synthesize the PAO. The use of the ion mobility separation
dimension provides information on isomeric species. In addition, the drift time versus m/z plots permitted rapid
comparison between PAO samples and to evidence their complexity. These 2D plots appear as fingerprints of
PAO samples. To conclude, the resort to ASAP-IMS-MS provides a rapid characterization of the PAO samples in
a direct analysis approach, without any sample preparation.
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Received: 30 March 2018/Revised: 4 May 2018/Accepted: 8 May 2018/Published Online: 31 May 2018

Introduction

Demands of high-performance synthetic fluids, such as
polyalphaolefins (PAOs), continue to grow over the

years, as an alternative to decrease the consummation of petro-
leum resources and to improve the functional fluid

characteristics based on mineral oils [1]. PAOs are saturated
alpha olefin oligomers used as base stock oil for synthetic
lubricants. Due to their exclusive chemical and physical prop-
erties, the PAOs are widely employed for automotive and
industrial applications [2].

The synthetic base stocks are manufactured by catalytic
oligomerization of linear alphaolefins, usually C10. However,
C6, C8, C12, and C14 alphaolefins, pure or in mixtures, can also
be used to synthesize PAOs. The more conventional catalytic
methods are either Ziegler-Natta [3, 4] or Friedel-Crafts catal-
ysis [2, 4]. Other oligomerization pathways have been devel-
oped, and free radical oligomerization [5], metallocene cataly-
sis [6, 7], the use of ionic liquids [8], and synthetic zeolites [9]
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have also been used to produce PAOs. The choice of the
oligomerization process leads to the development of a particu-
lar type of PAO and permits to control the final product
properties and characteristics, such as viscosity and degree of
branching [3, 4, 10, 11]. The processes involved in the PAO
production are given in Figure 1. After oligomerization, the
unsaturated products (dimers, trimers, tetramers, and others)
are converted through a hydrogenation process using a sup-
ported metal catalyst with nickel or palladium, resulting in a
mixture of branched, acyclic, and saturated alkanes with dif-
ferent molecular weights. Then, a distillation process allows the
separation of PAOs contained in the mixture into different
grades and the elimination of unreacted alpha olefins. The
PAOs can be classified in grades according their kinematic
viscosity at 100 °C [12, 13].

The outstanding chemical and physical properties exhibited
by PAOs, when compared to mineral oils, are high-viscosity
index, lower-temperature fluidity, greater thermal and oxida-
tive stability, lower volatility, higher flash point, and low
toxicity. These characteristics make them attractive fluids to
improve the quality of greases, gels, and various oils used in
transmission and hydraulic fluids in blends, for compressor and
turbine [2, 12].

To allow a better understanding of the PAO structure and
their performance, the analysis of different synthetic base oils is
necessary. The characterization of PAOs was previously re-
ported in the literature using nuclear magnetic resonance
(NMR) [14, 15] and gas chromatography coupled to mass
spectrometry (GC-MS) techniques [2, 16, 17]. However, only
low PAO grades synthesized from 1-decene were analyzed
using those techniques as high molecular weight hydrocarbons
could not be eluted using GC methods [14, 16, 18].

Recently, some analyses of non-volatile materials have been
reported using a new source device named atmospheric solid
analysis probe (ASAP) that appeared to be a good alternative
for rapid analysis of solid or liquid samples [19–23]. Indeed,
this source can permit a direct analysis without sample prepa-
ration. Introduced by McEwen in 2005, the ASAP source was
firstly used to analyze volatile and semi-volatile compounds
present in biological tissues and polymeric materials [19]. The
ASAP probe consists in a glass capillary tube in which the
sample is directly deposited. A nitrogen gas flow, which can be
heated from 50 °C to the maximum probe temperature (650
°C), is used to thermally desorb the sample. Once in the gas
phase, the sample is ionized by nitrogen plasma generated by a
corona discharge [20]. This technique permitted to characterize
a wide range of complex materials, such as biological fluids

[24], drugs [25], pesticides [26], polymers [21, 27–30], lubri-
cants [22], coal [31], or crude oil [32–34].

Moreover, the coupling of ASAP with ion mobility
spectrometry-mass spectrometry (IMS-MS) has been reported
as an efficient approach for the characterization of complex
samples [21, 22], in particular, as IM adds an extra dimension
of separation to MS [21, 22, 33, 35, 36]. In IM, the analysis is
based on the movement of ions in an ion mobility cell through a
buffer gas and in the presence of an electric field. The ions are
separated according to their size, charge, and shape [37, 38].

In this work, we proposed to use ASAP to provide a direct
and fast characterization of any grade of PAO, without sample
preparation. Then, the ASAP-IMS-MS coupling was consid-
ered an efficient and original approach to analyze synthetic
base oils of different viscosity grades and synthesized from
different alpha olefin monomers.

Experimental
Sample Preparation

All polyalphaolefin samples were supplied by Total Research
Center (Solaize, France). The PAO samples were analyzed
without sample preparation (Table 1).

Ion Mobility-Mass Spectrometry

A hybrid quadripole ion mobility-time of flight mass spectrom-
eter (Synapt G2, Waters Corp., Manchester, UK) fitted with an
ASAP source was used to perform the analyses. This instru-
ment presents three successive traveling wave-enabled stacked
ring ion guides: the trap, the IMS, and the transfer cells. The
instrument has been described in detail elsewhere [39, 40].
Prior to sample introduction, the ASAP glass capillary fitted
into the ASAP probe was baked in the ion source at 650 °C for
2 min to avoid any residual contamination that may be present
in the capillary surface. A blank spectrum was recorded during
1 min. Then, the ASAP capillary was dipped into the sample
and then introduced into the source. The ASAP source was
operated in positive mode, over the m/z 50–2000 range, in V
resolution mode. The corona discharge was set at 20 μA, the
extraction cone was 5 V, the nitrogen gas flow was 1200 L/h,
and the source temperature was 140 °C. For the analyses of low
and high PAO grades, sample cone and desolvation gas tem-
perature were optimized as follows: the sampling cone voltage
was varied from 20 to 80V and the desolvation gas temperature
was increased from 200 to 650 °C in 100 °C increments each

Figure 1. Different steps used to manufacture the PAOs
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minute. In the ASAP-MS/MS experiments, the precursor ions
were selected using the quadrupole and were collisionally
activated in the trap cell, and various collision energies were
tested; 5, 10, and 30 eV and argon was used as the collision gas.
The IMS-MS conditions were set as follows:

Y For data presented in Figure 4: IMS nitrogen gas flow,
90mL/min; helium cell, 180 mL/min; traveling wave height,
40 V; and velocity traveling wave, 1000 m/s.

Y For data presented in Figures 7 and 8: IMS nitrogen gas
flow, 50 mL/min; helium cell, 150 mL/min; traveling wave
height, 40 V; and velocity traveling wave, 700 m/s.

Data were acquired during 5 min over a range of m/z 50–
2000. Before the analyses, the mass spectrometer was exter-
nally calibrated with sodium formate solution (2 mg/mL) and
using an electrospray source. Note that m/z 277.0782 which
corresponds to a background ion of the ASAP source (fragment

ion of phenylphosphine oxide present as a flame retardant), as
previously described [21], was used as internal standard for
accurate mass measurement. Data acquisition and mass spectra
were performed using MassLynx (version 4.1) software.
DriftScope (version 2.2) was used to the treatment of ion
mobility data. Ion mobility peaks were fitted using OriginPro
(version 9.1) software.

Results
Low Viscosity Grade PAOs

Influence of Source Parameters on the Ionization of Low-
Grade PAOs Among the ASAP source parameters, we found
that the sampling cone voltage and the desolvation gas temper-
ature had a crucial influence on the resulting mass spectra.
Adjusting the sampling cone voltage allowed (i) to maximize
ion signal of intact species by minimizing in-source fragmen-
tation and (ii) the monitoring of ionization processes. Another
key instrumental parameter of the ASAP source was the de-
sorption temperature. The resort of a temperature gradient
provides a gradual desorption of the compounds according to
their volatility and boiling point. The gradient helps to deter-
mine the temperature range for optimal desorption while
avoiding thermal fragmentation and pyrolysis.

Figure 2 depicts ASAP mass spectra of PAO-A grade 3.6
recorded at different sampling cone values and using a temper-
ature gradient. The PAO-A is synthesized from decene and
mainly corresponds to C30 oligomers. At low sampling cone

Table 1. Information About the PAOs Analyzed by ASAP-IMS-MS

Name Grade Type of catalysis Alphaolefin
used for synthesis

PAO-A 3.6 Lewis acid C10
PAO-B 3.6 Lewis acid C10
PAO-C 3.6 Lewis acid C10
PAO-D 150 Lewis acid C10
PAO-E 150 Metallocene C8
PAO-F 150 Metallocene Mixture
PAO-G 100 Lewis acid Mixture
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Figure 2. ASAP-MS spectra of PAOA (grade 3.6) containingmainly C30 oligomers recorded at different ranges of temperature (200
to 500 °C) and sampling cone (SC) voltages (20, 40, and 80 V)
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voltage (20 V) and temperature gradient 200 to 300 °C, the
mass spectrum showed a distribution of CnH2n−1

+ ions and a
distinct m/z 421.47 which corresponds to [M−H]+ of the C30
oligomer (C30H61

+, measured/calculated m/z values 421.4766/
421.4768) (Figure 2a). The [M−H]+ species results most likely
from a hydride abstraction process, well described in the liter-
ature as ionization pathway for non-polar compounds [32, 41,
42]. The series of CnH2n−1

+ ions (14.02 m/z units shift) could
arise from competitive thermal fragmentation of C30 oligomer:
either from unspecific losses of alkene molecules from the
carbenium [M−H]+ ion (C30H61

+) or from unspecific σ-bond
C–C of M+• ion by free radical processes. We cannot exclude
the hypothesis that the M+• ion can be formed in the source but
is promptly fragmented because too unstable.

When we increased the desolvation gas temperature
(Figure 2b), the detection of unexpected [M−2H]+• species
was promoted: m/z 420.46, m/z 560.62, and m/z 700.78 (in a
lesser extent) were detected and corresponded to C30H60

+•,
C40H80

+•, and C50H100
+•, respectively. The measured/

calculated m/z values for these species were found to be
420.4685/420.4690, 560.6257/560.6255, and 700.7805/
700.7820. We can assume that the increase of the temperature
favored the formation of radical cations that have eliminatedH2

neutral loss. Moreover, the increase of the temperature also
permitted the desorption of higher molecular weight ions. Note
that these three ions are separated by 140.16 m/z units which
correspond to a repeating unit of C10H20. This was expected
since PAO-A was synthetized by 1-decene oligomerization.
Thus, ASAP-MS spectra provide information about the repeat-
ing unit of the synthesized PAO from 1-decene.

The [M−2H]+• ions can be explained by H2 loss from the
molecular ions [43, 44] as the formation of such ions had
previously been reported for saturated hydrocarbons using
atmospheric pressure chemical ionization (APCI) [45] and field
desorption (FD) [46]. These studies showed that the ionization
of highly branched alkanes such as squalane and 2,6,10,14-
tetramethylpentadecane can produce [M−2H]+• ions. Thus, the
detection of [M−2H]+• ions is consistent with the highly
branched character of the PAO-A synthetic base oil.

When the desorption temperature was further increased
beyond 400 to 500 °C (Figure 2c), [M−H]+ and [M−2H]+•

ions of higher molecular weight such as C60 and C70
oligomers were observed, but as low-abundant species.
The use of temperature gradient using high temperature
helps the detection of higher MW oligomers, present in
small amounts in the sample.

When the sampling cone voltage was increased up to 40 V
(Figure 2d), the mechanism of nitrogen insertion was observed:
the m/z 436.48 corresponded to C30H62N

+ ion (measured/cal-
culated m/z 436.4879/436.4877). This phenomenon was firstly
reported by Cooks et al. [47] when they analyzed saturated
hydrocarbons by FD-MS. Then, Wu and co-workers [32] ob-
served the nitrogen fixation in aliphatic and aromatic hydro-
carbon standards, but also in petroleum-saturated hydrocarbon
fractions, using the ASAP source. For high-temperature ranges
(Figure 2e, f), the pyrolysis of polyalphaolefin becomes the

main process: the intensities of the resulting fragment ions
increase.

The nitrogen addition becomes the predominant ionization
process for higher sampling cone voltage (80 V); thus, the
C30H62N

+ ion is the main species in Figure 2g. However, the
increase of higher sampling cone voltage induces fragmenta-
tion: two distinct distributions of fragment ions were detected
in Figure 2g. The major distribution corresponds to CnH2n−2N

+

ions and the less intense distribution corresponds to CnH2nN
+

ions. The nitrogen insertion was also observed for C40, C50,
and C60 oligomers (measured/calculated m/z values 576.6409/
576.6442, 716.8024/716.8007, and 856.9540/856.9572, re-
spectively) when temperature increased (Figure 2h).

The fragmentation of the PAO-A was predominant in
Figure 2i, where high-abundant CnH2n−3 species were detected.
The detection of C30 oligomer was no more achieved at
sampling cone 80 V and temperature between 400 and 500
°C, meaning that these sampling cone voltage and temperature
conditions were no more suitable for C30 polyalphaolefin.
However, the nitrogen insertion was mostly observed for C40
oligomer. Note that the additional ion detected at m/z 647.42
could be attributed to an impurity present in the sample.

MS/MS of PAO-A Ions The product ion spectrum of [M
−2H]+• m/z 420.47 (C30H60

+•) is depicted in Figure 3a. The
collision energy was set at 10 eV. This ion corresponds for-
mally to an alkene molecular ion. Its fragmentation produced a
major alkenyl series CnH2n−1

+ and a less-abundant CnH2n
+• ion

series through the losses of alkane and alkyl radical, respec-
tively. These series correspond to those currently observed for
EI-MS analysis of alkenes [48].

The product ion spectrum of m/z 421.48 was acquired
collision energy at 5 eV. The fragmentation of the [M−H]+

(C30H61
+) ion, formed from hydride abstraction, led to the

series of carbenium ion fragments (CnH2n+1
+) which are usu-

ally encountered in CI-MS of alkanes [49–52] (Figure 3b).
The product ion spectrum of m/z 436.49 [M+N]+ was ac-

quired using a collision energy of 30 eV, showing that this ion
is significantly more stable that the [M−2H]+• and [M−H]+.
The fragmentation of the C30H62N

+ ion leads to the formation
of the iminium ion distribution (Figure 3c), previously de-
scribed by Cooks et al. for saturated hydrocarbons [47]. Such
distribution arises by elimination of alkenes from the precursor
ion. The formation of alkenyl ions (m/z 55.07, m/z 69.07, m/z
97.10, and m/z 111.12) and carbenium ions (m/z 57.07, m/z
71.09, and m/z 85.10) are also observed. The high stability of
the [M+N]+ explains why the remaining ions in the mass
spectra are recorded with high sampling cone values
(Figure 2g, h).

IMS-MS Analysis With the IMS-MS coupling, information
about conformation of the ions in gas phase can be obtained.
The three PAOs (PAO-A, PAO-B, and PAO-C) presenting the
same grade (3.6) and synthesized using Lewis acids were
studied using ASAP-IMS-MS. The PAO grades 3.6 were
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synthesized from 1-decene, so C30 oligomers are expected to
be obtained. Thus, these three PAOs are mainly constituted by
C30 oligomers, and these results were confirmed by GC ×GC-
FID analysis (Table S1). Figure 4 shows the extracted ion
mobility spectra for the m/z 420.47, which corresponds to [M
−2H]+• of the C30 oligomer. Because of the relatively low
sampling rate of the ion mobility spectra, a Gaussian peak fit
was carried out to accurately determine the peak apex. The drift
time of m/z 420.47 for PAO-A, PAO-B, and PAO-C was 8.86

± 0.02, 8.69 ± 0.05, and 8.92 ± 0.01 ms, respectively. This in-
dicates that PAO-B presents, in average, a more compact
conformation than PAO-A and PAO-C.

Note that there are no significant differences between
the ion mobility peak width obtained for PAO-A and PAO-
C (0.52 and 0.53 ms ± 0.01 FWHM, respectively), while
the PAO-B signal presents a significantly larger peak width
(0.63 ms ± 0.01 FWHM). The error corresponds here to the
standard deviation from four experiments. As previously
reported, the ion mobility peak width is mainly related to
ion diffusion in the drift cell and to the presence of unre-
solved isomeric species [53]. In the present case, since the
m/z 420.47 ions of PAO-A, PAO-B, and PAO-C exhibit
drift time values of the same order of magnitude (around
8.8 ms), only the presence of a larger number of unre-
solved isomers can explain the larger peak width for PAO-
B (similar ion diffusion being expected in the three cases).
Such results were confirmed by GC-MS (Figure S1),
which showed that the three PAO samples are complex
mixtures of C30 isomers, but the area of unresolved peaks
is slightly larger for PAO-B than for PAO-A or for PAO-
C. Moreover, the proportions of the different isomers are
more diverse for PAO-B than for PAO-A or PAO-C. Note
that GC-MS needs more than 30 min for an analysis while
IMS-MS only needs few minutes. As previously proposed,
the ion mobility peak width can be used as a descriptor for
unresolved complex molecular systems and it can allow to
differentiate PAOs, which have numerous isomeric struc-
tures from those which have no or few ones. Thus, this

Figure 3. MS/MS spectra of (a)m/z 420.47 ion using collision energy at 10 eV, (b) ofm/z 421.48 ion using collision energy at 5 eV,
and (c) ofm/z 436.49 ion using collision energy at 30 eV

Figure 4. Extracted ion mobility spectra for m/z 420.47 for
PAO-A (red), PAO-B (blue), and PAO-C (green) grade 3.6
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indicator should be helpful to correlate the presence of
isomers with the properties and performance of synthetic
oils.

High Viscosity Grade PAOs

Influence of the Source Parameters on the Ionization of High-
Grade PAOs The influence of the sampling cone voltage and
the desolvation gas temperature was studied for the ionization
of high-viscosity PAO grades. The PAO-D grade 150 was
analyzed at different sampling cone voltages (20, 40, and
80 V) and at different temperatures. Figure 5 shows three sets
of cone voltage values/temperature values. We also used tem-
perature gradients to follow the progressive desorption of mol-
ecules present in the sample. For temperatures between 300 and
400 °C, mainly background ions were detected (data not
shown). As expected, higher molecular weight species were
desorbed from the glass capillary tube when the temperature
increased (Figure 5a versus Figure 5b). Various pyrolysis
fragment ions were obtained, and the main species were
CnH2n+1

+ and CnH2n
+• ions. We could note that these ions

exhibit ion distributions separated by 140.15 u (for example,
m/z 421.6, m/z 561.6, m/z 701.8, m/z 841.9, and m/z 981.9 in

case of CnH2n+1
+ ions). This mass shift corresponds to C10H20

repeating unit which is specific of the alpha olefin used to
produce the PAO, in this case 1-decene. Then, increasing the
sampling cone to 40 V (650 °C) improves the transmission of
higher masses but also promotes the formation of CnH2n

+•

species (Figure 5c). Thus, the distribution of ions from C50
(m/z 700.8) to C100 (m/z 1401.6) rised up. Again, the mass
shift between two adjacent ions permitted to verify that 1-
decene was the monomer used to produce the PAO. At sam-
pling cone 80 V, fragmentation processes become so important
that only low-mass fragment ions can be detected (data not
shown). In the case of high PAO grades, intact species were not
observed; only pyrolysis ion distributions were detected. The
nitrogen insertion mechanism does not occur for high-viscosity
PAOs.

Differentiation of High PAO Grades Three high grade PAOs
(PAO-E, PAO-F, and PAO-G) synthesized from two different
oligomerization processes, metallocene catalysts (PAO-E and
PAO-F, grade 150) and the Lewis acid catalysts (PAO-G, grade
100), were also analyzed by ASAP-IMS-MS. Figure 6 shows
the mass spectra acquired from the ASAP-MS experiments for
the PAOs. For all PAOs, numerous pyrolysis ions with several

Figure 5. ASAPmass spectra of a high PAO grade (PAO-D, grade 150) at different cone voltage and temperature, sets: (a) 20 V/400
to 500 °C range, (b) 20 V/650 °C, and (c) 40 V/650 °C
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ion series showing a mass shift of 14 m/z unit were detected.
However, in the case of the PAO-E (grade 150), the major ion
distribution exhibits C8H16 repeating unit corresponding to a
mass shift of 112.12 u (Figure 6a). This is consistent with a
synthesis using 1-octene. In the case of the PAO-F (grade 150),
four ion distributions separated by 56.06 u corresponding to
C4H8 unit were observed (Figure 6b). From these results, it is
possible that PAO-Fwasmainly produced from either 1-butene
or a mixture of alphaolefins such as 1-octene and 1-dodecene.
However, according to the literature, it is more likely that PAO-
F was produced from a mixture of linear C8 and C12

alphaolefins than from 1-butene [2, 4]. For both PAO-E and
PAO-F, the CnH2n+1

+ and CnH2n
+• ion series were the most

abundant fragment ion series. In the case of PAO-G (grade
100), the mass spectrum is more complex (Figure 6c) and
shows higher number of pyrolysis fragment ions, such as
CnH2n+1

+, CnH2n
+•, CnH2n−1

+ and CnH2n−2
+•, CnH2n−3

+, and
CnH2n−4

+•. These results can be more likely explained by the
oligomerization process (Lewis acid catalysis) since it is known
that the alphaolefin oligomerization using Lewis acids pro-
duces highly branched PAOs [10, 16, 17], which give a higher
number of pyrolysis fragment ions during the ASAP analysis.
Note that for m/z > 800, a main fragment ion series

corresponding to CnH2n−6
+• species stands out and exhibits a

mass shift of 56.06 m/z unit (C4H8), meaning that PAO-G can

Figure 6. ASAP-MSspectra for (a) PAO-E (grade 150), (b) PAO-F (grade 150), and (c) PAO-G (grade 100), at sampling cone 20 V and
temperature at 650 °C

Figure 7. Drift time versus m/z plot of PAO-E (red square),
PAO-F (blue circle), and PAO-G (yellow triangle) extracted from
ASAP-IMS-MS experiments, m/z 850–950 range
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be produced from a mixture, more likely of 1-octene and 1-
dodecene, as previously proposed for PAO-F.

These fragment ion patterns, specific for each high-grade
PAO, can be a useful tool to rapidly differentiate high-grade
PAOs and can provide information about the linear alphaolefin
used to manufacture the PAO.

The IMS-MS data can provide another possibility to differ-
entiate these PAOs by building two-dimensional Bdrift time
versus m/z^ plots (Figure 7), as previously shown for polyole-
fins [23].

The drift time versus m/z plot (Figure 7) shows several
distributions of ions for each PAO type with a mass shift of
14.02 m/z units. These series correspond to the pyrolysis frag-
ment ions of the PAOs. They show narrow distributions for
PAO-E (red square) and PAO-F (blue circle), while they are
extended for PAO-G which gives a higher amount of pyrolysis
fragment ions (yellow triangle). The ion series detected for
PAO-E and PAO-F exhibit similar drift time values which were
always higher than the drift times of PAO-G ion series. These
results indicate that PAO-E and PAO-F ions present more
expanded conformations in gas phase than PAO-G. The more
compact conformations of PAO-G species are consistent with
the presence of more branched molecules. Then, PAO-G
yields, in addition to the ion series at high drift time, series of
more compact structures (lower drift time) showing higher
number of unsaturations according to their molecular formula.
As shown, previously, ion CCS decreases as the number of
unsaturation increases [54]. It is likely that these very compact
ion series specifically detected with PAO-G are produced from
more advanced pyrolysis processes [23] which are favored with
this highly branched PAO produced by Lewis acid catalysis.

Differentiation Between Low- and High-Grade PAOs The
comparison between two dimensional drift time versus m/z
plots obtained from a high-grade PAO (PAO E, grade 150)
and from a low-grade PAO (PAO A, grade 3.6) highlights the
difference between light and heavy polyalphaolefins (Figure 8).
The IMS-MS 2D plot from PAO E is more complex than that

from PAO A because PAO E presents numerous high molec-
ular weight species and different ion series, as expect from a
high-viscosity PAO grade. These fingerprints can be used to
rapidly identify the synthetic base oils in a formulated
lubricant.

Conclusion
The study of low and high PAO grades using ASAP-IMS-MS
provides several levels of information. First, we show that
tunings of ASAP parameters, in particular, sampling cone
voltage and desolvation gas temperature, have an important
role and permit to control the ionization processes and the
fragmentation patterns. For low PAO grades, three ionization
pathways were evidenced: the hydride abstraction [M−H]+,
nitrogen insertion [M+N]+, and the formation of [M−2H]+•

ions. The relative abundance of each category of ions depends
on the cone voltage and desolvation gas temperature, as previ-
ously mentioned. At low sampling cone voltage (20 V) and
temperatures (< 300°), [M−H]+ ion of the expected PAO ac-
cording to the supplier data (i.e., C30) as well as pyrolytic
fragment ions were detected. Increasing the desolvation gas
temperature (> 300 °C) promotes the [M−2H]+• formation and
permit to detect highermolecular weight species, while increas-
ing sampling cone voltage (> 40 V) promotes the nitrogen
insertion giving [M+N]+ ions. However, at highest desolvation
gas temperatures, pyrolytic fragmentation becomes very im-
portant and can limit structural investigation. In the case of high
PAO grades, even if none of the intact species could be detect-
ed, the ASAP mass spectra can however provide information
about the repeating unit using the mass shift observed between
two adjacent fragment ions of one series and therefore about
the linear alphaolefin used to manufacture the PAO. IMS-MS
data permit to differentiate low from high grades and/or com-
pact (ramified) from more linear PAO structures using Bdrift
time versus m/z^ plots. It is also possible to differentiate PAO
having low amount of isomers from PAO presenting several
isomers with the FWHM of the ion mobility peaks.

Figure 8. ASAP-IMS-MS 2D drift time versus m/z plots for two PAOs, PAO-A (grade 3.6) and PAO-E (grade 150)
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Thus, ASAP-IMS-MS appears to be helpful to rapidly iden-
tify different grades of PAO, their structural properties (com-
pact conformation or not), and the presence of isomers. All
these parameters are particularly important since they could be
correlated with the properties and performance of synthetic
oils.
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