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Fundamental understanding of ion sorption and transport in ion-exchange polymers is critical for developing high performance membranes for water purification and energy generation applications. Despite the long history of literature on the topic, the current state of understanding is not sufficient to build the appropriate connections between polymer structure and transport properties. Experimental techniques for characterizing ion sorption and transport in charged membranes have been established, however, a simple theoretical framework to describe the experimental findings is missing. In this work, a framework for interpreting ion sorption and diffusion in ion-exchange membranes has been formulated and tested against experimental data. For the membranes used in this study, the framework could describe, and in some cases predict, concentration gradient (i.e., salt permeability) and electric field (i.e., ionic conductivity) driven ion transport in charged membranes. 
Equilibrium portioning of ions between the membrane and solution phases was modeled using the classical Donnan theory. Previous studies have often overlooked the importance of including ion activity coefficients (i.e., non-ideal effects) in this model, mainly because no reliable models or experimental techniques were available for obtaining these values in the membrane phase. In this study, Manning’s counter-ion condensation theory, originally developed for polyelectrolytes, was extended to ion-exchange membranes and used to calculate membrane ion activity coefficients. Solution ion activity coefficients were obtained by the Pitzer model. This framework was validated using experimental data for ion sorption of various electrolytes in commercial ion exchange membranes. Remarkably good agreement between theory and experiment was observed without using adjustable parameters. 
[bookmark: _GoBack]Ion diffusion coefficients in charged membranes are affected by at least two factors: (1) the geometric impedance by the polymer chains and (2) electrostatic effects due to the fixed charge groups. The geometric factor was modeled using an approach developed by Mackie and Meares, which presumes ion diffusion occurs in the solvent in the swollen polymer matrix and the polymer chains act as impenetrable obstructions. This model has no adjustable parameters. The electrostatic influence of the fixed charge groups on the diffusing mobile ions was modeled using an approach set forth by Manning. Manning’s model on diffusion is a direct extension of his counter-ion condensation theory used to predict ion activity coefficients. The framework for modeling ion sorption and diffusion in charged polymers developed in this study was validated using experimental salt permeability and ionic conductivity data for commercial charged membranes. Remarkably, this approach was able to predict salt permeability coefficients in charged membranes with no adjustable parameters and accurately describe ionic conductivity data using only one adjustable parameter. The generality and shortcomings of this framework are discussed.
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