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Stacked graphene oxide (GO) is an emerging membrane with the application of desalination. However, the structure and dynamics of water molecules and ions inside GO membrane is not known, and this has proven to be a hindrance in understanding how this system functions. Here, we investigate the dynamic behavior of water inside GO membrane using computational approach. We developed four different models of GO membrane with different interstice distance (d) between GO sheets (d = 7, 9, 11, and 13 Å in Figures 1 (A) and (B)), and performed molecular dynamics simulations of water (SPC/E model) inside each membrane. The measured diffusion coefficients (in unit of ×10–5 cm2/sec) of water are 0.3 (d = 7 Å), 0.9 (d = 9 Å), 1.2 (d = 11 Å), and 1.5 (d = 13 Å). To understand the retarded diffusion of water with narrower interstice distance, we analyzed the hydrogen bond autocorrelation relaxation and the rotational relaxation. The molecular rotation is described by the first and second-rank Legendre polynomials, 

		(1)

		(2)
using the molecular body-fixed axes (See Figure 1(C)). We found that the hydrogen bond lifetime is longer in the GO membrane with the narrower interstice distance, and the rotation relaxation of water is also slower in the GO membrane with the narrower interstice distance (Table 1). Therefore, we concluded that the diffusion of water is retarded by the hydrogen bond with the hydroxyl or epoxy groups of GO membrane. Our simulation result would be a useful theoretical source for designing new carbon-based membranes for desalination.
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Figure 1. (A) Schematic representation of the penetration of water through the interstices of stacked GO membrane. (B) Snapshots of the side and top view of GO used in the simulations. (C) Coordinates of water molecule for the analysis of rotation dynamics.



Table 1. Rotational correlation time (ps) of water inside stacked graphene oxide 
	d (Å)
	7
	9
	11
	13
	∞*
	∞**

	

	12.2 
	6.9
	5.7
	5.3
	4.3
	-

	

	31.8 
	11.1
	7.9
	6.8
	4.7
	4.761

	

	10.9 
	5.1
	4.2
	3.7
	2.9
	-

	

	18.5 
	8.3
	6.5
	5.7
	4.5
	-

	

	14.8 
	4.9
	3.4
	2.9
	2.0
	2.02

	

	18.3 
	6.1
	3.8
	2.8
	1.6
	1.921

	

	32.4 
	9.2
	4.8
	3.2
	1.2
	-

	

	13.4 
	4.8
	3.3
	2.7
	1.8
	1.953 


∞* Bulk water (simulation)
∞** Bulk water (experiment)
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