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Motivation
Emergent chemical behavior due to nano-scale confinement:

Decreased dielectric constant1-2, surface tension3, and density of water.3
Decreased solvation energies ofmetalcations.4
Increased inner sphere coordination ofmetalcations.4
Enhanced metal adsorption.5-6
Modified redox7 and diffusion.8,9
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Approach (1)Batch experiments; (2)Inductively-coupled plasma mass
spectrometry; (3)X-ray absorption spectroscopy at Argonne National Lab; (4)
Flow microcalorimetry at Georgia State University.

Modeling of Amorphous Silica
Start with fl-cristobalite

Heat to 4000 K
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Under-coordinated Si's & O's

• Add OH and H to fill coordination
4 1.6 OH•nm-2

• Break additional "long" Si-0
bonds and add 'Water" 2.0
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Interfacial Chemistry of Lanthanides (III) under
Nano-scale Confinement

Size decreases across the series
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Zhang et al., 2014, Inorg. Chem. 53, 7700.

Lanthanides: large and variable coordination numbers.

Approach: (1) Single lanthanide adsorption kinetics and isotherms; (2) Mixed
lanthanide system - competitive adsorption; (3) XAS for assessing coordination
chemistry oflanthanides, (3) Ab initio MD for mechanistic insight.
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• Mass-dependent uptake oflanthanides onto mesoporous silica with 4.4 nm pores (a). Calorimetric signal during
Nd3+, Tb3+ and Lu3+ adsorption onto mesoporous silica with 4.4 nm pores (b) and 7.0 nm pores (c).
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• Pore-size-dependent uptake oflanthanides onto mesoporous silica with 4.4 nm and 7.0 nm pores.
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• Neodymium: lst shell fit with two Nd-O distances; Nd-O bond length: Si02 < 8nm SBA< 4nm SBA.

• Lutetium: 1st shell fit with one Lu-O distance; Same Lu-O bond length for non-porous Si02,
and for SBA-15 with 4 nm and 8 nm pores. !Igen, et al .

in preparation

Copper (II) Adsorption and Hydrolysis Driven
by Nano-scale Confinement
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• XAFS data and fits shown in k-space, magnitude of the Fourier transform, and the real part of
Fourier transform. Solid lines: data, dashed lines: fits.
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• More pronounced Cu-Cu backscattering feature observed for Cu2+ adsorbed onto porous silica,
compared to non-porous.
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• Exothermic signal could arise from
increased dimerization.

• Cu (blue), 0 (red), H (white), and Si (yellow).
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• Number density of Cu2+ as a function of distance to
nearest silica pore O for all Cu (a), monomeric Cu (b),
and oligomeric Cu (d). Integration of the all Cu
densities in the <2 Aregion (c).

More distorted coordination complexes (Cu-Oax >> Cu-Oeq);

Increase Cu2+ dimerization inside nano-scale pores;

Weak endothermic signal followed by a strong exothermic signal, suggests
that Cu2+ undergoes dehydration during the dimerization process;

The coordination environment of Cu2+ on the silica surface depends on pore
diameter as well as surface loading;

On SBAwith high surface loadings, in the Cu-Si distances are shorter than
for non-porous silica and mesoporous silicas with medium surface loadings.
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