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Fig. 1. Contrasting osmosis and reverse osmosis. Fig. 3. A typical simulation architecture used in this work. The oxygen atoms of feedwater ConCI usions
are red, and the oxygen atoms of initial freshwater are yellow. _ _ .
e \We have successfully designed and analyzed a classical molecular dynamics model
_ e The simulation box (4.2 x 3.7 x 30 nm) comprises a COF membrane, saline and of reverse osmosis desalination.
e Covalent organic frameworks are of . L . - . . N
_ _ L freshwater regions on opposite sides of the membrane, and two graphene e The model successfully predicts flux quantities, allowing for the investigation of
interest as materials for desalination . , . . . . . . . . . .
o . . pistons at the system's edge. Different reverse-osmotic pressure gradients will systems containing different ions, and having different membrane thicknesses.
because of their high stability, crystallinity, . . . . .
4 trollabl " be applied using the graphene pistons. e The model predicts similar flux values for two-layer and three-layer membranes,
and controllable porosity. . . . . . . . .
P Y e Simulations are heated (NVT ensemble) at 350 K for 1 ns, equilibrated (NVT) suggesting the primary energetic hurdle is crossing the second membrane.
F'g' Zt',A Tzr‘,c’lf;',er merzrs;ecg;he COF for 2 ns, and subject to a pressure gradient (100-200 MPa) for 10 ns. ® |on transport (salt rejection) quantities are predicted by the model, but a more
investigated in this work, -COF. : : : : : :
e Different salts (NaCl) and number of membrane layers (HPB1, HPB2, HPB3) are concentrated solution may increase the number of ion-pore interactions and
e Molecular dynamics (quantum and classical) is a useful method for used. better sample ion transport.
investigating the time-evolution of a chemical system; here it is applied to
investigate water desalination using COF based membranes. . o o
Running the simulation Future work
initial atomic positons
(starting geometry) Flux in HPB1-NaCl-150MPa Membrane layers and flux for
v B0 HPBX-NaCl-150MPa e Additional membrane layer calculations are
. o - 800 :
Y =R > being performed to better understand the
calculate forces on atoms timestep = calculate new atomic 3 400 = 600 ..
(classical, Newton's laws) 2 fs positions (move atoms) 3 2 400 transition from membrane monolayers to
T Te 2 200 I I oulk membrane.
AR S ot 15— g O O : ) 6 8 = B e Functional modifications will be made to the
3+ 900 § HPB1 HPB2 HPB3 b d h ff f
Simulation time (ns) ++ Simulation system HPB membrane to stu Y the erfect o
Fig. 7. Optimized unit cell of HPB-OH,  hydrophilic/hydrophobic groups on reverse
Goa IS Fig. 4. Investigation of flux in multi-layered membranes: HPB1, HPB2 and HPB3. Linear flux is Functionalized with hydroxyl groups. ¢ 4sis desalination.
observed.
e Build a classical molecular dynamics model to simulate reverse osmosis
desalination e Flux with res ime is i ich i
pect to time is linear, which is what the system should produce. Refe rences a nd acknowled mentS
® Evaluate stability of simulation, and predict quantities of importance in e Interestingly, HPB2 and HPB3 have identical fluxes- suggesting that there may g
desalination, such as salt rejection or water flux effectively only one energetic barrier to overcome. o o Eariralor
e Use the simulations results to identify potential improvements to the model =+ University | Institute for Integrated University | o - nced Materials
Pressure variation and flux for HPB1-NaCl-X Pressure variation and ion &y of Victoria | Energy Systems ) of Victoria & Related Technology
700 transport for HPB1-NaCl-X L )
% 600 | 8 Digital Research Alliance de recherche
SOftwa re u sed 500 © 4 Alliance of Canada ' numérique du Canada
S 400 = 3
e Classical molecular dynamics calculations were performed using LAMMPS. s 300 52 This research was supported by the Jamie Cassels Undergraduate Research Awards, University of
g 200 K : . : . : :
e Periodic density functional theory calculations (geometry/cell optimization, E . O ; Victoria; Supervised by Dr. Heather Buckley (Civil Engineering). Poster produced Mar 10, 2024.
valence density) were performed in CP2K with the PBEO hybrid functional and — . S 100 MPa 150 MPa 200 MPa
. ) Simulati ) N ) Simulation pressure 1. J. Chem. PhyS. 152, 194103 (2020) 2. Comp PhyS Comm, 271 (2022) 10817
TZVP-MOLOPT basis sets. mulation pressure
. . . . . 3. Phys. Chem. Chem. Phys., 2020, 22, 16978-16984
e Partial charges were assighed to membrane atoms using the density-derived Fig. 5.. Flgx an.d salt rc?jection with va.rying pressure. Complete rejection of sodium. Out of 95 4. Environ. Sci.: Water Res. Technol., 20173, 735-743
electrostatic and chemical method with Chargemol. chloride ions in solution, only a maximum of four are transported through the membrane. 5. ACS Applied Nano Materials 2021 4 (6), 6145-6151




