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1. Introduction - Industries such as steel, mining, fertilizer, battery, etc. normally discharge wastewater 

containing heavy metal ions directly or indirectly into the environment. These heavy metal ions are not 

biodegradable and their accumulation throughout the food chains poses a 

serious threat to the environment and health [1]. Therefore, it is essential to 

remove toxic heavy metal ions from the wastewater in an environment 

friendly and cost-effective manner. Among the various available methods 

for the removal of the metal ions from wastewater, nanofiltration methods 

using graphene oxide (GO) membranes have been identified as extremely 

promising. In this communication we move a step forward and present 

results of a systematic molecular dynamics simulation study to elucidate 

metal ion separation efficiency and mechanism of ion transport in stacked 

GO-like nanochannels of varying spacing and width (Image 1) [2].  

 

2. Systems modelling and MD simulation details - Stacked GO-like 

membranes were placed between two reservoirs and, at the initial stage, the feeding reservoir was filled 

with 1 M solutions of CdCl2, CuCl2, HgCl2, or PbCl2, while the right reservoir was kept empty (see Image 

2). Both the water and heavy metal ion permeation, metal ion rejection, and the impact of the ion’s 

solvation shells in the nanochannels were then followed by pressure-driven atomistic MD simulations. 

Steered molecular dynamics (SMD) simulations of the same systems were also employed to understand 

the potential barriers faced by the various metal ions and water molecules. 

 

3. Results and Discussion - As shown in Table 1, the MD results indicate that metal ions can permeate 

through wide graphene membranes (d = 1.0 Å), but metal ion rejection is close to complete for the 

narrower nanochannels, irrespectively of the metal ion type. Among the metal ions, the permeance of 

Cd2+ and Pb2+ is always higher than that of Cu2+ and Hg2+, whereas the selectivity of Cd2+ and Pb2+ is 

lower than that of Cu2+ and Hg2+. These results are supported by the SMD simulations, which show that 

the free energy within the membrane channels is always higher compared to that for water. 

 

3. Conclusions – To sum up, our MD findings suggest that stacked GO membranes with an interlayer 

spacing of 8 Å are the best for complete metal ion rejection and considerable permeation of water. 
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Image 1. View of the multilayer graphene 

membranes used for studying ion separation. 
 

 
Image 2. Snapshot of the simulated systems 

after the MD production runs. 

 

Table I. Permeance (i, in 10−4 mol.m−2.s−1.Pa−1) and selectivity (Si) of multilayer 

graphene membranes with various interlayer spacing d, and fixed width (w = 10 Å). 
d (Å) Property Solute 

CdCl2 

 

CuCl2 

 

HgCl2 

 

PbCl2 

8 H2O 10.892 10.937 11.504 12.097 

 M2+ 0.000 0.000 0.000 0.000 

 Cl− 0.000 0.000 0.000 0.000 

 SM2+ - - - - 

 SCl− - - - - 

10 H2O 15.926 14.872 14.942 15.006 

 M2+ 0.086 0.038 0.047 0.076 

 Cl− 0.173 0.066 0.095 0.171 

 SM2+ 3.312 7.047 5.667 3.544 

 SCl− 3.312 8.053 5.667 3.150 

 


