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Abstract
MXenes and graphene oxides (GO) are two families of two-dimensional (2D) materials. Both are hydrophilic
layered solids that exhibit swelling, a fundamental property which defines access of solvent molecules and
solute ions into interlayer spacing and ultimately material performance in a wide range of applications. This
thesis summarizes studies in three interconnected research directions: (i) operando structural studies of
MXene in charged/discharged supercapacitors controlled by swelling in electrolytes (ii) fundamental
investigations of GO swelling in alcohols and amides, and (iii) the development of three-dimensional porous
oxidized activated graphene materials for enhanced U(VI) sorption.
Using specially designed in-plane and parallel plate symmetric supercapacitor cells compatible with
synchrotron XRD, the structural evolution of MXene electrodes was studied under realistic operating
charge-discharge conditions. These studies established how ion size and hydration influence access to
MXene swelling-expanded interlayers as a function of applied potential, revealed cation-dependent
structural oscillations under charge-discharge cycling monitored on both electrodes and identified
irreversible structural changes associated with performance degradation in certain electrolytes.  The results
provide new insights into understanding structure-property relationships in MXene supercapacitors.
The second part explores structural changes of GO due to swelling in primary alcohols and amides as a
function of temperature. The study explores effects of solvents with different alkyl chain lengths on swelling
of graphite oxides and uncovers previously unknown structural changes in these materials. A new type of
swelling transition was discovered in long-chain alcohols, common for both Brodie and Hummers GO. The
results demonstrate that swelling in graphite oxides is governed not only by solvent uptake but also by
molecular orientation and packing within the interlayer spaces. Moreover, the interlayer spacing could be
continuously tuned over an exceptionally wide range, from approximately 10 Å to 63 Å, some of the broadest
ever reported. These findings significantly advance the understanding of molecular confinement in layered
materials.
The final part presents the synthesis of three-dimensional porous oxidized activated graphene materials and
examines the relationships between oxidation degree, specific surface area, and U(VI) sorption capacity. The
results demonstrated how oxidation and specific surface area can be optimized to maximize U(VI)
adsorption, providing practical guidelines for the design of efficient sorbent materials.
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