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1. Motivation 2. Monte Carlo model of randomly distributed sites
Multi-cation adsorption to natural organic matter is described by an Semi-grand Canonical Ensemble: proton/metal occupation numbers fluctuate at
affinity spectrum —a density of binding free energies over all sites— fixed H and M chemical potentials; sites interact via a screened Coulomb term:

showing intrinsic and electrostatically induced heterogeneity [1,2]
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3. Mono-component Affinity Spectrum
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4. Multi-component Affinity Spectrum (Frumkin) 5. Primacy of the lowest cumulants
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6. Monte Carlo validation (bimodal distribution)
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(a) Markers: MC simulations of metal titration curves at fixed pH = 2, 4, 6, 8, 10. /=0.01 M, p]’(ailfllt = 4.5,pKI{/E§ = 2, (abundance Q, = 0.5); pl’(aiant = 9.6, pKI{,RE =8, R=4nm (Q, =
0.5). Inset: proton titration. Blue/red=best-fit bimodal Frumkin and Gaussian models. (b) Bimodal Frumkin competitive spectrum: electrostatics induce positive H-M binding correlation

Take-home message

* The lowest cumulants of the affinity spectrum (mean and covariance matrix) capture most of the information provided by the binding isotherms,
as illustrated with multicomponent Gaussian and Frumkin spectra. This suggests a model-independent way to standardize experimental binding data.

* The Frumkin isotherm reproduces multicomponent MC simulations for both intrinsic and electrostatic heterogeneities. Its underlying affinity
spectrum has a well-defined mean and covariance, and does not require numerical calculation of multiple integrals —unlike the Gaussian model.
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