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Integrating nanoscale metal oxides and conducting polymers into three-dimensional graphene (3DG) is a promising route but remains challenging to develop high-performance electrodes for energy storage devices. We developed 3D self-assembly of graphene oxide/reduced graphene oxide with stimuli-responsive polymers poly(N-isopropylacrylamide) (PNIPAM) or poly(propylene oxide) (PPO) and metal oxides (Fe2O5, Nb2O5) , which results in a photo/thermal reversible supramolecular graphene composites hydrogel with adjustable sol–gel transition temperature. The hierarchical structure offers highly interpenetrated porous conductive network and intimate contact between graphene and polymers/metal oxides as well as abundant stress buffer nanospace for effective charge transport and robust structural stability during electrochemical processes. By systematically tailoring the porosity in the holey graphene backbone, charge transport in the composite architecture is optimized to deliver high areal capacity and high-rate capability at high mass loading, which represents a critical step forward toward practical applications. This study offers a promising route to greatly enhance the electrochemical properties of metal oxides and provides suggestive insights for developing high-performance electrode materials for electrochemical energy storage.
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