Tuning water transport in graphene layers via channel morphology
modification
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Abstract

Recently, the application of few-layered graphene-derived functional thin films for molecular
filtration and separation has attracted intensive interests due to their unique lamellar porous
microstructures. Different from the single layer graphene (GE) with elaborately created
nanopores, in the layered GE-derived thin films, molecules with appropriate sizes permeate
through the interconnected nanochannels formed between adjacent GE layers. Compared with
the nanopores in the single layer GE, these nanochannels allow fast molecule transport and their
sizes can also be efficiently controlled for flexible filtration tunability. In practice, the
morphology of the nanochannel formed by the GE layers is affected by various factors. For
example, during the fabrication of GE thin films by vacuum filtration or spin coating from GE
oxide solution, small GE flakes can fold and lie between two other large flakes. In this scenario,
the nanochannel becomes asperous. In addition, residual chemical functional groups would also
exist in the space of adjacent GE layers, and thus change the shape of the nanochannel. With the
change of the morphology of the nanochannel, the water transport behaviors inside it would
deviate significantly from those observed in ideally flat GE layers and should be understood.

Hence, in this study, the effect of channel morphology on tuning the water transport behaviors
through the GE bilayers has been investigated via molecular dynamics simulations. The
morphology of the channel is modified by applying deformation to the GE layers along the
channel thickness direction in a sinusoidal wave profile. The simulation results show that the
water flow velocity and transport resistance highly depend on the wave amplitude, period length
and the phase angle difference between the two GE layers. To understand the channel
morphology effect, the distributions of water density, dipole moment orientation and hydrogen
bonds inside the channel have been investigated, and the potential energy surface with different
distances to the basal GE layer has also been analyzed. It is demonstrated that the channel
morphology significantly changes the distribution of the water molecules and their orientation
and interaction inside the channel. The energy barrier for water molecules transport through the
channel also significantly depends on the channel morphology.



The results obtained in the present study are helpful for the understanding of the water transport
in nanoconfiments particularly with the effect of morphology of the confining walls being taken
into account. As the potential value of multilayer GE-based membranes in the applications of
nanofiltration is being more and more recognized, this study is of significance to provide
guidance for the design and application of such GE-based membranes in future nanofiltration
and water purification technologies.
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