Confirmation of the Nanopore Inner-Sphere Enhancement
(NISE) Theory Using Flow Calorimetry and EPR
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generally quite strong. In very small nanopore channels,
the divalent ions will dehydrate and their adsorption NOTE: Zeolite nanopores are interconnected and ions can
strength will increase significantly. move freely between different pore channels.

Explanation:
Adsorption and dehydration are endothermic.
Na/Ca exchange is entropy (AS) driven.

Spectrum broadening of Cu on ZSM-5 and mordenite are
both asymmetrical. Hyperfine features are observed with
mordenite. This indicates a strong surface inner sphere
Interaction on ZSM-5 and a very strong inner sphere
Interaction on mordenite.

Accordingly, the NISE theory explains why the adsorption
of monovalent cations outperforms the adsorption of
divalent cations on adsorption sites located in medium-

Desorption and hydration are exothermic.

Flow Adsorption Calorimetry (FAC) Study Ca/Na exchange is enthalpy (AH) driven.
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1) Monitor the heat of reaction of Na-Ca ion exchange Electron Paramagnetic Resonance (EPR) Study Inner sphere adsorption is strong: Na on ZSM-5 T | — Aqueauscu I
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2) Confirm the predictions made by the NISE theory at pH 2.5 or Mn" at pH 5.3. Solids concentration was 0.5 Zeolite Y: 0.74 x 0.74 nm 10
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Conclusions

* NISE theory is consistent with flow calorimetry for Na*-Ca?* ion exchange and EPR spectra for Mn* and Cu?*.
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kabengi@gsu.edu jim.amonette@pnnl.gov eric.walter@pnnl.gov * Flow calorimetry also captures a small exotherm that was reproduced on all ZSM-5 samples. This may be a signature heat
exchange feature in medium sized pore channels for inner-sphere outer-sphere exchange.

* EPR spectra of Cu?* on ZSM-5 suggests that the hydration energy of divalent cations is not a perfect predictor of the ease of
dehydration of ions in constrained environments. Cu ions are subject to the Jahn-Teller effect, which causes a distortion in the
coordination of its hydration sphere.




