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Abstract

Positive and negative ion electrospray mass spectra obtained from 50
mM phosphoric acid solutions presented a large number of phosphoric
acid clusters: [(HsPO4)n +zH] #* or [(H3POa4)n —zH] % , with n up to 200
and z up to 4 for positively charged clusters, and n up to 270 and z up
to 7 for negatively charged cluster ions. lon mobility experiments allowed
very explicit separation of the different charge states. Because of the
increased pressures involved in ion mobility experiments, dissociation to
smaller clusters was observed both in the trap and transfer areas.
Voltages along the ion path could be optimized so as to minimize this effect, which can directly
be associated with the cleavage of hydrogen bonds.
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Having excluded the ion mobility times that resulted from dissociated ions, each cluster ion
appeared at a single drift time. These drift times showed a linear progression with the number
of phosphoric atoms for cluster ions of the same charge state.

Cross section calculations were carried out with MOBCAL on DFT optimized geometries with
different hydrogen locations and with three types of atomic charges. DFT geometry
optimizations yielded roughly spherical structures. Our results for nitrogen gas interaction
cross sections showed that values were dependent on the atomic charges definition used in
the MOBCAL calculation. This pinpointed the necessity to define a clear theoretical framework
before any comparative interpretations be attempted with uncharacterized compounds.
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Introduction

Unlike with conventional uniform field ion mobility, the
use of calibrants is required with travelling wave ion
mobility (TWIMS) to derive collision cross sections
(CCS) values from the measured drift-times [1-7].
The CCS determination is essential to infer structural
information from drift times in ion mobility—mass
spectrometry, and there is now considerable interest
to use this additional information as a means to
characterize complex mixtures in many diverse “-
omic” areas of study [8-10]. For positive ions, many
calibrants exist, from which CCS was previously
determined experimentally, with helium as the drift
gas. Most of these calibrants are protonated
biological molecules [11]. The conformations of these
species are not always well defined, however, and
they are highly dependent on experimental
conditions [4,12,13]. The use of native-like proteins
have been shown to be interesting to avoid such
problems but they can be used only for large
molecular systems [4]. Furthermore, there are, at
present, few references in the literature concerning
IMS in the negative ion mode and with nitrogen as
drift gas [2]. An additional concern is that despite the
progress and the increase in reference data, there is
still, at this day, no consensus as to calibration
methods and calibrants for travelling wave ion
mobility [2-4].

Inorganic and organic cluster ions have been
extensively investigated by mass spectrometry [14-
20] and some of them are used for calibration of
mass analyzers as they can yield ions covering a
large mass range [21]. Such clusters are indeed
readily produced using direct infusion of salt solution
with an electrospray ion source.

Here, we performed travelling wave ion mobility mass
spectrometry of phosphoric acid cluster ions. Cluster
ions have been investigated by ion mobility mass
spectrometry, but were mostly salt clusters [22-26].
In solution, phosphoric acid tends to aggregates as it
presents both proton donor and acceptor sites
[27,28]. Phosphoric acid clusters are hydrogen
bonded cluster ions and should therefore be more
closely related to non-covalent biomolecule
complexes. Phosphoric acid was the topic of several

recent theoretical and experimental studies [28-30].
The rationale for these investigations is related to the
properties of phosphoric acid clusters and their use
for development of electrolyte for fuel cells [29,31].

We show here how the use of hydrogen bonded
cluster ions may be valuable to optimize
experimental parameters that promote the retention
of hydrogen bonds in the gas phase. Using these
optimized experimental parameters, we studied the
arrival time distributions of negatively charged intact
cluster ions with increasing cluster size. In the
absence of reference cross section data for small
molecules in the negative mode, density functional
theory calculations were carried out in order to
optimize the geometries of the first six cluster ions
and estimate theoretical cross sections, as has been
done before by others [32-34] on small molecules, in
the positive ion mode. Correlations were then tested
between our experimental data and the calculated
Cross sections

Experimental
Chemicals

The phosphoric acid used was an 85% weight
solution in water (d=1.680) from Acros Organics
(through Fisher Scientific France, lllkirch, France). 3-
nitrobenzyl alcohol (m-NBA) and sulfolane were
purchased from Sigma-Aldrich (Lyon, France). LC-
MS grade acetonitrile and isopropanol were
purchased from VWR (Fontenay-sous-bois, France).
Deionized water (18 MQ) was obtained from a Milli-
Q apparatus (Millipore, Bedford, MA, USA). 50 mM
solutions were prepared in water/acetonitrile 50/50
and water/acetonitrile 50/50 (0.35% volume of the
phosphoric acid solution). Supercharging agent m-
nitrobenzyl alcohol (m-NBA) was added up to 1%
volume in some cases.

lon mobility mass spectrometry

lon mobility and mass spectra were obtained using a
SYNAPT G2 HDMS (Waters Corp., Manchester, UK)
fitted with an electrospray ionization source. ESI
mass spectra were acquired over the m/z 50-4000

2



range. In the positive and negative ion modes,
absolute values for the capillary emitter were 2.7 kV
and sampling cone 60 V. The source temperature
was set at 90°C. Nitrogen gas at a temperature of
250°C and a flow rate of 500 L/h was used to assist
desolvation in the ESI source. The solution was
infused at a flow rate of 5 pL/min using the
spectrometer sample pump. Gas flow rates were set
at 20 mL/min in the source stacked ring ion guide,
180 mL/min in the helium cell and 70 mL/min in the
ion mobility cell. Trap and transfer collision energies
were setto 5V and 0 V respectively. Travelling wave
velocities were most often set around 300-350 m/s
and the wave height at 15 to 25 V, to minimize
hydrogen bond disruption. Direct current voltages in
the trap and IMS cells were also adjusted to minimize
fragmentation. Data treatment was carried out with
Mass Lynx (4.1) and Driftscope (2.2).

Computational details

Ab initio calculations were carried out within density
functional theory (DFT) using the Gaussian09
software [35], the dispersion-corrected range-
separated hybrid ©»B97XD exchange-correlation
functional (whose parameters were optimized
notably for non-covalent interactions) [36] and 6-
31++G(d,p) basis set. Geometry from a recent crystal
structure [37] was used as starting point. It was
obtained from the Inorganic Crystal Structure
Database (ICSD, FlIZ Karlsruhe, Germany)[38,39].
Starting from a multiple cell (2a,2b,2c), an inner
phosphoric acid molecule and its five nearest
neighbors were selected. From this neutral 6-mer,
the adequate number of phosphoric acid molecules
was deleted following a decreasing distance in order
to generate the smaller clusters. From these neutral
clusters, all possible 3n hydrogen positions (n is the
number of phosphorus atoms in the cluster) were
tested as possible deprotonation sites. The
conformational space of the negatively charged
clusters was therefore sampled with 3n geometries
for each n-mer.

Cross section calculations were carried out with
slightly modified versions of MOBCAL [40,41] in both
helium (mass 4.0026 u and polarizability 0.205 10-%°

m?3) and nitrogen gas (mass 28.01 u and polarizability
1.71 109 m?3) . Lennard-Jones (LJ) parameters were
adapted from Campuzano et al. [42] except for
phosphorus for which the Lennard-Jones parameters
were set equal to the existing values for silicon. The
number of trajectories were increased both for the
enhanced hard sphere scattering and trajectory
methods (imp=1500 and inum=2500000). As a result
standard deviations on the trajectory method were
less than 1%.

Results
Optimization of experimental parameters

The process of acquiring ion mobility mass
spectrometry data involves an increase of pressure
in the IMS SRIG (TWIM) which is usually set in the
mbar range compared to the values used for regular
time-of-flight analysis which are more often a little
lower than 10* mbar in this area. As a result, the
pressure readbacks increase in the two stacked ring
ion guides (SRIG) named trap and transfer from
around 10 mbar to more than 102 mbar. When the
instrument is switched from the time-of-flight mass
spectrometry mode to ion mobility mass
spectrometry mode, ion transmission and
dissociation dramatically change as illustrated on
figure 1. The mass spectra shown in figure 1 were
recorded to test how these increases of pressure and
voltage settings in the two ion guides adjacent to the
ion mobility device might affect the transmission of
one ion chosen as an example, a negatively charged
hexamer [(H:PO4)s—H]- (m/z 586.85). This was
carried out in the time-of-flight mode (i.e. without
activating  the ion mobility mode), after mass
selection through the quadrupole; the gas in the trap
or transfer cells was thus argon rather than a mixture
of helium and nitrogen gas leaking from the
neighboring TWIM cell, which was here maintained
at low pressure. Figure la shows that with low
pressures, collision energies set to 10V and 5V in the
trap and transfer SRIG had no effect on cluster
dissociation as the negatively charged hexamer



[(H3POas)e—H]~ (m/z 586.85) remained the sole ion
observed.
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Fig. 1 ESI MS? of [(HsPO4)s — H]~ (m/z 586.85) (a)
Trap CE 5V, transfer CE 10V, trap and transfer
pressure 10 mbar (TOF pressures); (b) trap CE 5V,
transfer CE 10V, trap and transfer pressure 102 mbar
(IMS pressures); (c) trap CE 5V, transfer CE 0V, trap
and transfer pressure 102 mbar (IMS pressures); (d)
trap CE 2V, transfer CE 0V, trap and transfer
pressure 102 mbar (IMS pressures), trap bias 0 V; (e)
trap CE 2V, transfer CE 0V, trap and transfer
pressure 102 mbar (IMS pressures), trap bias 0 V,
IMS bias 1.0 V

When pressures were set around the ion mobility
mode readbacks in the trap and transfer SRIG, all
hexamer anions were dissociated (figure 1b).
Although the center of mass energy with argon
collisions is expected to be higher than with helium
or nitrogen gas, this showed activation should be
anticipated in the ion mobility mode from the passage
of the ions through these increased pressure areas.
By setting the transfer collision energy at 0V, the
dissociation occurring in the transfer SRIG could be
reduced (figure 1c). An additional decrease in
activation could be obtained by lowering the trap
collision and DC bias voltage (figure 1d) and IMS bias
voltage (figure le).

Control of the amount of dissociation was found to
have very significant effect on the peak profiles in the
ion mobility spectra. Figure 2 shows several ion
mobility spectra obtained from experiments with

different transfer or trap collision energies and DC
bias voltages. Here, no mass selection was carried
out in the quadrupole. When the ion mobility mode
was switched on, without any change in instrumental
parameters other than setting the wave velocity (WV)
and wave height (WH) in the IMS SRIG, several
resolved or unresolved peaks could be observed
(figures 2a and 2b) in the arrival time distribution
(ATD) of m/z 586.
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Fig. 2 Extracted ion drift time data of [(HsPO4)s — H] ~
(m/z 586.85) (a) IMS: WV 1000 m/s, WH 25V,
transfer (default values): WV 191 m/s, WH 4.0 V, CE
10 V; (b) IMS: WV 800 m/s, WH 25V, transfer: WV
800 m/s, WH 4.0 V, CE 0 V; (c) IMS: WV 600 m/s,
WH 25V, transfer;: WV 600 m/s, WH 5.0V, CE 0 V;
(d) IMS: WV 350 m/s, WH 25V, transfer: WV 350 m/s,
WH 5.0V, CE 0 V; (e) IMS: WV 350 m/s, WH 15V,
transfer. WV 350 m/s, WH 5.0 V, CE 0 V, lowered
trap DC bias and IMS bias (40V and OV respectively).
FWHM refers to the full width at half maximum, R is
the ratio of drift time to FWHM, and Rs is the ratio the
drift time difference of two adjacent peaks to the
FWHM

Comparison of ATDs for selected m/z of several
cluster ions (7-mer, 8-mer, 9mer) showed
overlapping of peaks for all drift time values except
for the shortest drift times (data not shown). Most
peaks in these extracted ion drift time profiles could
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therefore be attributed to precursor ions of the
negatively charged hexamer [(HsPO4)s—H]". Indeed,
rather than several conformations, a significant part
of the signals detected in the ion mobility spectra
corresponded to larger cluster ions for which
dissociation occurred after the ion mobility device (in
the transfer SRIG) and before the m/z analysis in the
orthogonal time-of-flight analyzer.

When mass selection was carried out in the
quadrupole, the arrival time distribution of m/z 586
did not show any signal from these precursor. In this
case the extent of dissociation could be determined
from the total ion mobility spectrum, as it was not
apparent in the extracted ion mobility spectrum. This
would need to be done for each precursor ion
whereas without selecting in the quadrupole, all data
can be retrieved from one experiment.. When no
mass selection in the quadrupole was used, peak
attribution in the ion mobility spectra was sometimes
ambiguous when ion activation was significant after
the TWIM device. Our objective was therefore to
obtain one unique peak that could unambiguously be
attributed to intact ions.

This was achieved by decreasing all values of wave
velocity, wave height and collision energy in the trap,
ion mobility and transfer ion guides (Figure 2c¢ and
2d). Lower wave velocity yielded lower drift time as
the ions rolled less over the wave [43], while the
intensity increase of the lower drift time peak in the
distribution showed that there was less dissociation.
In Figure 2, the m/z 586.85 hexamers formed by the
dissociation of larger clusters after the IM separation
produced the higher drift time values, whereas, the
intact hexamer should correspond to the peak with
the lowest drift time. It is worth noting that the ion
mobility spectra in Figure 2 are analogous to
precursor ion scan spectra of m/z 586.85. Low
proportion of dissociation and good resolving power
were achieved with 350 m/s WV and 15V WH, similar
WV and low WH were applied to the trap and transfer
SRIG, no collision energy was used in the transfer
SRIG and trap and IMS bias voltages were set at low
values (Figure 2e). In Figure 2e the signal at 9.50 ms
corresponded to the intact hexamer at m/z 586.85.

This data was consistent with effective temperature
estimations by Morsa et al. [44]. Classically,
experimental parameters affect the energy of
collisions with gas molecules. Here, the dissociation
of phosphaoric acid cluster ions, which are hydrogen-
bonded clusters, pointed out to the possibility of
disruption or retention hydrogen bonds in the gas
phase with different instrumental settings. It seemed
very likely that such cleavage of hydrogen bonds
would also occur in peptides and proteins, thereby
modifying their gas phase conformation. For peptides
and proteins however, the absence of dissociation
would not make the cleavage of hydrogen bonds
apparent, unless measurements of collision cross
sections with different experimental parameters were
carried out. The use of phosphoric acid cluster ions,
on the other hand clearly underlined the parameters
that enabled retention of these non-covalent
interactions.

lon mobility

Figure 3 shows examples of color maps of m/z
versus arrival time data, obtained in the positive and
negative ion modes with the previously described
optimized parameters. The green dots outline the
signals of phosphoric acid cluster ions (monoisotopic
ions). With supercharging agent meta-nitrobenzyl
alcohol [45], multiply charged cluster ions [(HzPO4)n
+zH] #* or [(H3PO4)n —zH] # could be observed with
n up to 200 and z up to 4 for positively charged
clusters, and n up to 270 and z up to 7 for negatively
charged cluster ions.

Cluster ions of a given charge state formed well
separated diagonal lines in the color maps. For one
m/z value, peaks at several drift times could be
observed, particularly in the low mass range. As
described before, the higher drift time peaks
corresponded to larger clusters that dissociated in
the transfer SRIG, and showed a typical “time-
aligned” pattern [46,47]. The lower drift time peak
was the most intense and could be attributed to the
intact cluster. Figure 4 shows the correlation obtained
between the lower drift time bin and the cluster
number n. R?values were almost all above 0.99. This

5



high correlation showed the potential of phosphate
cluster ions for the calibration of cross sections
versus drift time associated with measurements in
traveling wave ion mobility devices [2,4,5,48,49].
Unfortunately, no experimental collision cross
sections of phosphoric acid cluster currently exist.
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Fig. 3 (a) Positive ion mode ESI TWIM MS data
obtained from a 50 mM phosphoric acid solution with
1 % mNBA. (b) Negative ion mode ESI TWIM MS
data obtained from a 50 mM phosphoric acid solution
with 1 % mNBA. The green dots outline the signals
of phosphoric acid cluster ions (monoisotopic ions)
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Fig. 4 Correlation of drift times with n for [(Hz3POu4)n —
zHJ* clusters for charge states (z) 1- (black squares
W), 2- (red circles @), 3- (blue upward triangle A), 4-
(magenta downward triangle V) and 5- (green
diamonds )

Gas phase geometries

To palliate the absence of drift tube data giving
experimental collision cross sections, ab initio
calculation using density functional theory (DFT)
were carried out on [(HsPOa4), —H] ~ cluster ions, with
n ranging from 1 to 6. Starting from a geometry with
n phosphoric acid molecules derived from the crystal
structure, all possible 3n deprotonation sites were
tested as a means to browse the conformational
space. Low energy structures are depicted in figure
5. For the negatively charged cluster ions with 1, 3, 5
and 6 phosphoric molecules, the lowest energy
structure was selected. The most stable
conformations were always identical from the AE
and AG° points of view. In fact, AE and AG® were
found to be largely correlated (R? = 0.99), showing
temperature and entropic effects should not affect the
energetic rankings.
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Fig. 5 Optimized lowest standard Gibbs free energy
geometries (out of 3n starting structures) of negative
cluster ions [(HzsPO4)n — H], n=11t0 6

Although two to three other optimized structures
came forth within a 5 kcal/mol range in terms of AG°,
all presented similar topological and geometrical
characteristics. For the negatively charged cluster
ions with 2 and 4 phosphoric acid molecules, two
geometries were found within less than 2 kcal/mol
(AGO). For the dimer, two geometries (named 2A and
2B) within 1.5 kcal/mol from each other presented
closely related geometries where only one hydrogen
position differed. For the 4-mer, two geometries (4A
and 4B) were within less than 1.2 kcal/mol. The
lowest standard Gibbs energy structure 4A
presented a rather expanded geometry with one
distinctively central phosphoric acid molecule and
three others around it in a roughly planar area. The

other structure (4B) was an energetic minimum from
the EZ"E point of view and was found more globular.

We calculated interaction cross sections in helium
and nitrogen gas for all 3n optimized structures of the
six negatively charged cluster ions. Different atomic
charges were tested for the MOBCAL calculations:
atomic polar tensor derived charges (APT) [50],
charges from natural population analysis (NPA) [51]
(both being obtained at a quantum level), as well as
a uniform charge distribution (Equal), in order to
account for possible electrostatic interactions
between the analyte and the polarizable drift gas
molecules. We monitored the calculated cross
sections resulting of the projection approximation
(PA), trajectory method (TM) and also followed the
value of the structural asymmetry parameter (SAP)
given by MOBCAL[40,41]. This SAP[52] is calculated
by Equation 1, where di* is the distance of atom i to
the origin, and d?? is the projected distance on plane
yz while rotating the molecule by polar angles 6 and
. It is equal to 1 for spherical objects.

n XL d”
SAP = max | ————t——
(9,<p)<42” d>? (6, )

i=1"
Equation 1

Table 1 summarizes the values obtained for the lower
energy optimized structures. Comparing the PA
results for all optimized structures with the crystal
starting point, we found that the gas phase structures
were all more compact than the original crystal
structure. For small cluster ions with one to three
phosphoric acid molecules, there was around 1 to 3%
relative difference for the PA cross sections. For the
cluster ions with four to six phosphoric acid
molecules, this relative difference increased to reach
7 to 9 % This result pointed out that the higher
flexibility expected in the gas phase might, in fact,
lead to more bunched arrangements than in the well-
ordered solid.



Table 1. Data on the optimized lowest energy structures of of negatively charged cluster ions [(HzPOa4)n — H],
n=1 to 6 : structural asymmetry parameters (SAP) estimated dissociation energy of one phosphoric acid
molecule and calculated cross sections. Comparison to the crystal-based starting structure

Starting crystal-
based structure

Optimized lowest energy structures

He TM N2 TM
A(AG®)? A(AG®
SAP PA Name (kcal) (-HEPO4))b SAP PA APT NPA Equal APT NPA Egual
(crystal) (crystal)
/mol eV
1 124 45.6 116 46.1 372 39.1 36.3 86.0 93.3 87.0
2 1.86 73.5 A 0.0 14 170 71.0 53.8 589 583 96.0 103.6 97.4
2 B 15 14 159 675 541 554 542 96.2 1032 974
3 119 89.3 11 1.22 863 713 720 714 112.8 1175 1131
4 193 109.0 0.0 0.7 1.30 1065 90.3 91.1 90.5 132.4 137.8 133.3
4 1.2 0.8 1.09 1011 856 86.5 85.8 128.1 134.3 129.0
5 111 129.3 0.8 1.09 1169 n.c. n.c. 100.6 146.0 151.2 148.0
6 114 144.0 0.6 1.12 131.3 116.3 116.8 116.5 162.2 166.2 163.4

n.c.: no calculation. (The trajectory method could not be completed because trajectories did not verifiy energy conservation).
(a) Gibbs energy differences between structures A and B. (b) estimated dissociation energy of one phosphoric acid

molecule

Monitoring the SAP of the 3n optimized structures for
each given cluster ion number, we found that
different deprotonation sites led to widely different
structures with SAP values that could both decrease
or increase compared to the starting crystal derived
geometry. For lower energy structures, however, the
SAP was always lower except for the 3-mer. Among
the 3n tested conformations, it was found that the
lowest energy optimized structures also presented
the lowest SAP values, with the exception of the
expanded 4-mer (4A) which showed a high value
(1.3). With the exception of this expanded 4-mer 4A,
the SAP values tended to 1.1 with increasing number
of phosphoric acid molecules (Table 1). It is therefore

likely that larger cluster ions could reasonably be
expected spherical in shape.

Estimation of dissociation energies of the loss of one
phosphoric acid molecule was carried out. The trend
found showed a decrease in energy with increasing
number of phosphoric acid molecules in the cluster.

Correlation of cross sections and arrival times

Choosing the structures that showed a combination
of low energy and low SAP, that is excluding the
expanded 4-mer 4A to privilege spherical shapes,
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triangles are uniform atomic charges TM CCS

we tested a collection of statistical correlations of
calculated cross sections with our experimental
arrival times. Correlations with cross sections (Q)
calculated by the different methods (PA and TM),
different atomic charges, with helium and nitrogen
drift gases, were tested as well as correlations with
the “reduced” cross sections )’ defined by equation
2, to approach the mobility K, to which it is inversely
proportional, in the low field limit.[53]

Q
Q’=\/ﬁ,

u mgasmanalyte
Z mgas + manalyte

Equation 2

The results are shown in Figure 6. Good linear
correlation was obtained in all cases as R? ranges
from 0.985 to 0.996. With helium (Figure 6a), the TM
interaction cross sections were always lower than the
PA results. We found very little difference in the
helium based TM interaction cross sections for the
different atomic charges used in the input.

This was no longer true for interaction cross sections
in nitrogen gas (Figure 6b), where relative differences
between different sets of atomic charges could be as
high as 7%. We also found that nitrogen gas based
TM interaction cross sections with APT and NPA
derived atomic charges were largely linearly
correlated (R? = 0.998), although the atomic charges
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themselves are not (R? = 0,01 for the atomic charge
on the phosphorus atoms of the hexamer, for
example). These difference were non negligible and
showed it should be essential to associate one set of
LJ parameters with one set of atomic charges.
Indeed, although correlation did work for both sets of
atomic charges, this meant that changing from one
set of atomic charges to another would introduce
systematic errors in the evaluation and comparison
of interaction cross sections.

Although some linear correlation was observed
between all calculated cross sections, we found it
remarkable that the highest R? was obtained for TM
interaction cross sections with non-uniform (either
NPA or APT) atomic charges. Slightly better
correlations were obtained (Table 2) when Que was
replaced by Qk¢’, the classical transformation used
by other calibration methods (Equation 1) [5,48,49].

The reduced cross sections Que’ could also be fitted
to a second order polynomial equation (Figure 6c).
Bush et al. have found multiprotonated polyalanine
drift time data and the Qwe/z ratio could be correlated
with binomial functions [2]. Our calculated cross
section data being from only singly charged ions and
within a much shorter range, also showed R?
correlation coefficient of around 0.998 with a second
order polynomial fit.

When correlation was observed with nitrogen gas
based calculated cross sections Qnp, the R?
determination coefficient were close to 0.996 both
with a linear function or a binomial function. Since the
data was recorded with nitrogen as the buffer gas, as
the TWIMS is classically operated with nitrogen gas,
although some helium is present in the trap to
collisionally cool the ions before the ion mobility
device, we expected better correlation coefficient
from the nitrogen gas based calculations [54]. The
difference was very subtle, however. When Qx,’ was
used, the data no longer showed linear correlation,
and using a second order polynomial equation did not
allow to reach similar R? values.

Table 2. Correlation coefficient R? for different curve
fitting schemes of calculated cross section versus
experimental drift times.

PA ™
APT NPA Equal
Linear fit 0.9861 0.9949 0.9962 0.9946
Qe ginomialfit  0.9979 0.9981 0.9984 0.9985
_ Linear fit 0.9856 0.9980 0.9985 0.9978
Qe ginomial fit 09984 0.9980 0.9985 0.9981
Linear fit 0.9958 0.9955 0.9959
2 ginomial fit 0.9963 0.9967 0.9960
_ Linear fit 0.9988 0.9992 0.9988
vz ginomial fit 0.9984 0.9990 0.9985
Conclusion

Phosphoric acid clusters showed a good potential for
use in ion mobility mass spectrometry experiments.
Phosphoric acid, a very inexpensive and accessible
compound, formed hydrogen bonded cluster both in
the positive and negative ion mode, which were
easily obtained and separated according to charge
state in the m/z versus arrival time maps. The charge
states ranged from 1 to 4 in the positive ion mode and
1 to 6 in the negative ion mode and covered the m/z
range from roughly 100 to 3000 with a 50 mM
phosphoric acid solution. Such range could probably
be expanded with higher concentrations and
supercharging agents.

Phosphoric acid solutions can be used to tune the
experimental parameters in ion mobility mass
spectrometry experiments by monitoring the
dissociation of cluster ions. Instrumental settings that
minimize the cleavage of hydrogen bonds should
also increase the probability of  non-covalent
interactions retention in native peptides and proteins.

With carefully tuned experimental parameters,
phosphoric acid cluster ions lead to regularly spaced
data in the m/z versus drift time map showing a good
potential for the calibration of traveling wave ion
mobility devices for measurements of cross sections.
For now, no drift tube ion mobility derived cross
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sections exist for phosphoric acid cluster ions,
however.

By performing ab initio calculations, although limited
here to the smallest negatively charged multimers,
we confirmed that the clusters are expected to be
nearly spherical, especially for larger clusters. The
estimation of cross sections from our calculated
structures showed the need for reference data to
parameterize the LJ potentials of the trajectory
method as a function of the type of atomic charges
used in the input, especially for nitrogen gas based
calculations.

No doubt, this deficit of experimental and reference
data should disappear in time, as the need for
standards for the proteomic and metabolomics
databases is strong. Although, trends tend toward the
use of similar molecules to measure cross section
within one family of compounds, the use of one well
characterized and versatile calibrant might help also
bring  better consensus to ion  mobility
measurements.
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