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Graphene oxide (GO) membranes have been numerously investigated in the fields of water
purification and energy application. Merit to their 2D channels comparable to the size of ions
and the surface charge, GO membranes is considered as a prospective template for ion
exchange membranes in that they can sieve out the ions by steric exclusion and the
electrostatic repulsion. However, the swelling of membranes in aqueous environment and the
lack of ion exchange capacity seriously deteriorate the ion selective properties of the two-
dimensional (2D) membranes including GO. To deal with the current limitation, increase of the
surface charge and control of the interlayer spacing is the most crucial strategies for GO-based
ion exchange membranes.

Herein, we have developed the functionalized GO membranes using polyelectrolytes with high
charge density. The polyelectrolytes consisting of carboxyl (COO"), sulfonated (SO3s) and amine
(NHs*) are well-known to endow the ion exchange capacity to the membranes. The GO
membranes were functionalized by the polyelectrolytes such as polyacrylic acid (PA) and
polyethyleneimine (PEI), and utilized in osmotic energy conversion. The pristine GO
membranes usually have a low selectivity of 2.3 for Na*/Cl-, however the selectivity was
increased over 10 after functionalization of PA. Also, the cation-selective properties of GO
membranes with negative charges can be changed to anion-selective properties by tuning their
surface charge with positively charged PEI. By assembling the oppositely charged GO
membranes and realizing the reverse electrodialysis cells, the energy efficiency and power
density was highly improved. These strategies for chemical modification of 2D membranes can
provide the opportunity to efficiently engineer the energy applications and other ionic devices.
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