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ITC: Instrument performance validated with 
EDTA–Ca²⁺ QC, followed by a buffer–buffer 
control to quantify heat of dilution; samples 
analyzed with the water in the reference cell.
19F NMR: External calibration curves for PFOA 
and PFVA (0.1–0.9 mg/mL; 100–900 ppm); 
standards analyzed in triplicate and averaged 
prior to linear regression. Difluoromethyl benzoic 
acid was used as the internal standard.
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Per- and polyfluoroalkyl substances (PFAS) are 
persistent environmental contaminants widely 
used due to the exceptional stability of the 
carbon–fluorine bond, leading to environmental 
accumulation, structural diversity, and significant 
remediation challenges.(1) Although cyclodextrin-
based host–guest systems show promise for 
PFAS capture, the fundamental thermodynamic 
and kinetic mechanisms governing binding 
remain poorly understood. This study 
investigates β-cyclodextrin–PFAS interactions 
using ITC, ¹⁹F NMR spectroscopy, and molecular 
dynamics to quantify binding affinities and 
thermodynamic parameters, providing molecular-
level insight to guide the rational design of next-
generation PFAS remediation materials.

PFOA PFVA

Figure 1. Everyday products containing PFAS.  (2)
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Figure 2. ITC schematic for quantifying PFAS binding thermodynamics.
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Binding free energies will be estimated using 
a supramolecular approach:

Δ𝐺bind =𝐺complex −(𝐺host +𝐺guest )

β-CD-PFOA 

β-CD

Figure 9. DFT framework for calculating β-CD–PFOA binding free 
energies. Figure 4. 19F NMR calibration curve for PFVA (R2=0.99).Figure 3. 19F NMR calibration curve for PFOA (R2=0.99).

Figure 5. ITC thermogram showing 
exothermic and endothermic binding 
events for thermodynamic analysis.(3)

Table 1. Future Work: pH-dependent PFAS binding investigations. 

Figure 7. Thermogram of 2.5mM β-CD 
titrated into 0.25mM PFOA.

Figure 8. Isotherm of 2.5mM β-CD 
titrated into 0.25mM PFOA. 

Figure 6. ITC thermogram and binding 
isotherm for determination of ΔH and Ka.

Molecular Dynamics & DFT Calculations:
Molecular dynamics simulations address a 
fundamental knowledge gap by resolving β-
cyclodextrin–PFAS binding geometries and 
dynamics, linking experimental thermodynamics 
(ITC, ¹⁹F NMR) to structure–binding relationships. 
Density functional theory (DFT) calculations 
complement these results by quantifying 
interaction energetics and electronic 
contributions, informing the design of next-
generation PFAS sorbents.
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