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ELECTROSPRAYED POLYMER IONS OBTAINED VIA CHARGE CONTROL
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Psty 9,2k 326 μM in 10%DMAF in NMP:DMF 1:1
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• Polymer ions in the ES chamber are drawn electrostatically into the inlet slit of the
DMA against a counterflow gas. The DMA selects ions a narrow mobility range and
transmits them to the MS for mass-analysis without mass-selection or fragmentation.
• Acquiring one mass spectrum at each of many closely spaced mobilities yields a 2D
m/z-Mobility spectrum of the charged polymer particles.
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• Interestingly, this sample of PEG14k produces several conformers with chloride, but
only one conformer with either formate or the other anions tested.
• Formate and Chloride buffers (as well as the rest of anions tested) lose some charge
on entering the MS (charge stripping). Chloride and the rest of anions undergo a z=-3
 z=-2 transition, while Formate undergoes a z=-2  z=-1 transition.
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• Mechanism controlling the charge state of the samples studied.
The narrow mass range spanned by the charging probability curves of all the globular
samples studied, shows that the mechanism controlling the charge state is single ion
evaporation [2]. When the polymer does not bind strongly to the charging ion, ion
evaporation takes place at charge levels smaller than those provided by ESI (the
Rayleigh limit of a solvent drop with the chain volume).

Number of monomers for PVP 24kDa

Number of monomers for Psty 9.2kDa

CONCLUSIONS AND FUTURE WORK
• An extension of a previously reported IMS-MS method of polymer analysis is
presented and applied to a wider range of polymers and buffer compositions.
• The broad viability of charge control via ES polarity or buffer composition has been
demonstrated.
• Future enhancements will be directed to improve buffer compositions depending on
the chemical affinity of polar groups of the polymers with the charging ions.
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PVP 24kDa 130uM in 30 mM
DMAF in MeOH:H2O 75:25
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• The addition of water to the buffer also increases the charge level achieved by the
PVP ions, though not as much as the change of polarity. 25% H2O in volume was
added to the original 30mM DMAF buffer to prove this point with a sample of PVP
130uM in 30 mM DMAF in MeOH:H2O 75:25.
• The figure on the right shows
Psty 9,2k 326 μM in 40%DMAF in NMP:DMF 1:1
the effect of the change of
polarity and the addition of 25%
vol. of water to the buffer on the
smallest ion mass achieving a
given charge state of PVP ions.
• Another PVP sample of 24kDa
was also tested in the negative
mode with no water addition,
offering
similar
charge
distributions and conformers as
the 10kDa sample.
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PVP 10kDa 125μM in
30 mM DMAF in MeOH.
Positive mode
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• Psty is sprayed from 1-methyl-2-pyrrolidone (NMP), or its mixtures with N,Ndimethylformamide (up to 50% vol.), seeded with DMAF (up to 40% vol.). PVP and
PAA are sprayed from water/methanol mixtures with 30mM DMAF.

PEG 14kDa 150μM in HCl
0.1% in MeOH:H2O 75:25
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• PEG is sprayed in negative mode from water/methanol (25/75 vol.) containing either
HCl (0.1%), or 30mM of one of the following: DMAF, Ammonium Acetate,
Triethylammonium
Propionate,
Triethylammonium
Butyrate,
N,NDimethyletanoloammonium Valerate or Triethylammonium Octanoate (Bioniqs; no
longer in business).
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PAA 5.6kDa 125μM in 30 mM
DMAF in MeOH:H2O 75:25
Negative mode

Charge Probability

PVP 10kDa 125μM in
30 mM DMAF in MeOH.
Negative mode

• PEG 14k sprayed in negative mode produces globular negative ions with all buffers
tested, though with different charge levels and varying tendencies to lose charge on
entering the MS (charge stripping).

VDMA (V)
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•The DMA voltage is directly related to the mobility of the polymer particle Zp. Each
distinctive “band” seen in the 2D plots corresponds to a fixed charge state z and state
of aggregation n of the original polymer charge distribution. Taking z, m/z and mobility,
this latter can be expressed in terms of m and the collisional cross section W~z/Z.
Confirmation of the correct z assignment is obtained by converting m and W into the
corresponding mass and mobility diameters of a sphere, as explained in [2]. Charge
selected mass distribution and fully resolved mass distribution of the polymer sample
are easily extracted (follow arrows from Fig. A).

• We electrospray purified samples from in-house sharpened silica needles (20um ID)
facing a biased focusing plate placed ≈3mm upstream of the inlet slit to the DMA.

PAA 5.6kDa 125μM in 30 mM
DMAF in MeOH:H2O 75:25
Positive mode

• Samples of PolyVinylPyrrolidone (a bio-compatible polymer with a variety of
applications in medicine, pharmacy and cosmetics) were also tested in both positive
and negative mode. PVP always achieves globular structures in both positive and
negative ionization mode (polarity of the primary electrospray), with higher charge
states in positive polarity.
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• PAA sprayed negatively produces
very high charge states with non-globular
-4
structures, unresolvable via IMS-MS. The positive mode, however, yields only globular
-9
ions and permits the extraction of the mass and charge distribution of the sample
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tested.
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True mobility and m/z separation is achieved with a parallel plate Differential Mobility
Analyzer (DMA; SEADM model P4, resolution ~ 50; operated in Air or CO2) in series
with a Quadrupole-TOF Mass Spectrometer (MDS Sciex model QStarXL; m/z up to
40 kDa) as the one further described in [3].
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METHODS: IMS-MS (DMA+QTOF)

Psty 9.2kDa 20μM
in 0.1% HCl in
NMP:DMF 1:1
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• We have recently demonstrated this approach in the case of polyethlene glycol (PEG)
ions of up to 150 kDa by electrospraying PEG in negative mode (NESI) from a
dimethylammonium formate (DMAF) buffer [2]. Here we examine PEG with additional
electrospray buffers and study other polymers, including polystyrene (Psty),
polyvinylpirrolydone (PVP), and polyacrylic acid (PAA).
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•Figure on the left shows the
experimental minimal masses
for each charge state and each
of the buffers tested compared
to the experimentally observed
critical masses m* below which
PEG globules lose stability at a
Rayleigh-like limit. These limits
are given by m*~ 0.5z2 for z up
to 5 and 0.635z2 for larger z
[1]. Not even Chloride binds
strongly
enough
in
the
negative mode to produce
stretched configurations for
PEG 14kDa.
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• We tested samples of PAA in buffers composed of 30mM of DMAF in MeOH:H2O
75:25 and 50:50. We also investigated several charging agents in the positive mode
-6
with little effect in the charge level.
-5

Intensity (a. u.)

•Polymers lacking polar groups, such as Psty, require well chosen solvents/buffers. In
positive mode Psty achieves effortlessly the desired low charged states yielding
globular ions exclusively (Fig. A), from which mass and charge distributions are easily
extracted. In negative mode with a HCl buffer, highly charged and stretched
configurations arise (Fig. B), from which mass distributions cannot be inferred via IMSMS.
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Two obstacles in the ESI-MS characterization of industrial polymers are: (i) the spectral
complexity associated to the quasi-continuous distribution of mass and charge (m, z),
and (ii) the difficulty to form good electrosprays with liquids capable of dissolving the
solvents used for non-polar polymers.
• The use in series of ion mobility and mass spectrometry (IMS-MS) does not relieve
the spectral crowding for stretched chains (typical of high charge states), for which m/z
and ion mobility are highly correlated. However, IMS-MS is very effective for more
compact geometries, especially for globules [1]. Controlling the charge state (ion
shape) is hence vital. One approach is using solution ions that bind weakly to the
polymer chain

• PolyAcrylic Acid (PAA) is another bio-compatible polymer of great interest. It is
often used as a sodium or ammonium salt with applications in the fields of cosmetics
and pharmacy.
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RESULTS

Minimum mass observed for each z (kDa)

OVERVIEW

• Surprisingly, the charge increases with the size of the anion (though with slight
differences, peaking for acetate). All buffers tested exhibit some level of charge
stripping. Formate (previously studied in detail in [2]) and chloride fall off the general
trend, achieving respectively considerably smaller and higher charge levels than the
other anions.
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• Interestingly, the presence of
several conformers [2] in these PVP
samples becomes more evident
when the charge level is higher.
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