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Introduction : PFAS problematic
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—> Need for large-scale suspect and non-targeted screening approaches




Introduction : PFAS and IMS

Need for large-scale suspect and non-targeted screening approaches

Foster, M. et al. Environ. Sci. Technol. 2022, 56 (12), 9133-9143.
https://doi.org/10.1021/acs.est.2c00201.
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PFCA dimer formationin IMS

PFHXA in LC-TIMS-TOF:
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PFCA dimer formationin IMS

Comparison with other IMS setups — Gas-phase conformation of these dimers?
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Structural Insights into PFCA ions

Initial hypotheses based on experimental CCS trends : ooy e L Spaes opedtiom. 2022, 33 (2), 275285
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Structural Insights into PFCA ions

Initial hypotheses based on experimental CCS trends : I el 3. Am. S0c. Mass Spectiom. 2022, 33 (2), 273-263
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Structural Insights into PFCA ions

Initial hypotheses based on experimental CCS trends : asymmetrical isobaric dimers
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Structural Insights into PFCA ions

Aim of the work : Provide probable structures for PFCA dimeric ions

— Generate multiple conformers/structures

— Calculate their CCS values

— Low energy + theoretical CCS value close to experimental = probable conformer




Structural Insights into PFCA ions

Aim of the work : Provide probable structures for PFCA dimeric ions

— Generate multiple conformers/structures

Usually via Molecular Dynamics using parametrized force fields

— Adequate for PFAS and noncovalent binding?

— Alternative workflow for conformer generation, using ab initio calculations
(Gaussian 16).

Nielson, F. F.; et al. Anal. Chem. 2021, 93 (8), 3830—3838.
https://doi.org/10.1021/acs.analchem.0c04341




Structural Insights into PFCA ions

— Alternative workflow for conformer generation, using ab initio calculations.

15 initial geometries
(i.e.,different orientation of H* versus CO,
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Structural Insights into PFCA ions

— Alternative workflow for conformer generation, using ab initio calculations.
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Structural Insights into PFCA ions

— Alternative workflow for conformer generation, using ab initio calculations.
— Calculate their CCS values
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Structural Insights into PFCA ions

BW average CCS values : used for the monomeric ions to assess the theoretical workflow.

Geometry optimization and energy ranking:
* Functionals used for geometry optimization : M06-2X more adequate than CAM-B3LYP or WB97XD

* Basis sets used : 6-31+G(d,p) or 6-311++G(d,p) : similar results but 6-311++G(d,p) preferred for dimers

CCS calculation (IMOS software):
* Inclusion of ion-quadrupole potential for nitrogen in TMLJ necessary

* Charge description : Mulliken, Natural Bond Order (NBO), or Merz—Kollman (MK) = similar results.
Mulliken preferred.

“Prediction performance” :
55% within 2%
73% within 3%
100% within 5%




Structural Insights into PFCA ions

Probable conformers for Monomeric ions:
(6-311++G(d,p), Mulliken)
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PFHXA (5 FC) PFNA (8 FC) PFTeDA (13 FC)

Lorpaiboon, W.; et al. J. Phys. Chem. A 2023, 127 (38), 7943-7953
https://doi.org/10.1021/acs.jpca.3c04750

Schilberg, R. N.; et al. Chem. Phys. Lett. 2021, 778, 138789

https://doi.org/10.1016/j.cplett.2021.138789




Structural Insights into PFCA ions

Probable conformers for symmetrical dimeric ions:
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Structural Insights into PFCA ions

Probable conformers for asymmetrical dimeric ions:
(6-311++G(d,p), Mulliken)
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Effect of other singly charged cations?

Direct injection of PFCA solutions containing Li*, Na*, K*, or Cs*.

Homodimers
Potential challenges for conformer generation and CCS
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Conclusions

* PFCA dimeric ions identified using three different IMS setups : DTIM, TIMS and TWIMS
— CCS values within + 2%

* Workflow for conformer generation and CCS calculations :

—> Plausible structures for the dimers : fluorinated chains likely in close proximity, especially for
the dimers with the longer fluorinated chains.

e Similar behavior with other cations (Li*, Na*, K*, or Cs*)?

e Similar behavior with other carboxylated PFAS (e.g. with ether bond)? %

HFPO-DA (Gen-X)
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