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Table S1: Membrane characterization for all membrane models

Name Net Charge Charge Composition Average Density 
[g cm−3]

Mean Pore 
Diameter [nm]

pH 2 +14 e 0.79 5.9
pH 7 0.76 5.8
pH 10

−14 e
−30 e

14 NH2
+

14 NH2
+, 28 COO–

30 COO– 0.83 5.0

flip 0.76 5.7
bilayer 0.78 5.9

feed 0.85 5.6
center 0.84 5.0

permeate

−14 e
−14 e
−14 e
−14 e
−14 e

14 NH2
+, 28 COO–

14 NH2
+, 28 COO–

14 COO–

14 COO–

14 COO– 0.79 5.6
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Table S2: Ion rejection measurements with the NF 270 membrane based on binary cation solutions, 
at solution pH of 2, 4, 7, and 10.

Feed Molarity 
[M]

Feed pH
[–]

Feed Pressure 
[bar]

Temperature 
[°C]

Water Flux
[LMH]

Species Rejection [–]

Na+ Ca2+ Cl–

0.13 M NaCl

0.130 2 10 20.0 86.45 0.481
0.130 2 15 20.0 140.63 0.498

– 0.455
– 0.462

0.130 4 10 20.0 145.83 0.151
0.130 4 15 20.0 227.08 0.178

– 0.177
– 0.184

0.130 7 10 20.0 130.21 0.207
0.130 7 15 20.0 198.96 0.209

– 0.209
– 0.194

0.130 10 10 20.0 102.08 0.296
0.130 10 15 20.0 169.79 0.299

– 0.305
– 0.326

0.13 M CaCl2
0.130 2 15 20.0 60.41
0.130 2 22 20.0 110.47

– 0.926 0.817
– 0.915 0.830

0.130 4 15 20.0 73.96
0.130 4 22 20.0 112.50

– 0.541 0.600
– 0.615 0.676

0.130 7 15 20.0 84.38
0.130 7 22 20.0 132.39

– 0.479 0.534
– 0.483 0.550

0.130 10 15 20.0 94.78
0.130 10 22 20.0 139.58

– 0.455 0.511
– 0.422 0.481
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Figure S1: Water coordination number in the z-direction of membrane thickness across pH = 2, 7,
and 10 for (a) NaCl and (b) CaCl2 feeds, where different shades of black curves indicate Na+ ions,
different shades of blue represent Ca2+, and different shades of red represent Cl– at various pH
levels; the darker the color, the larger the pH. (Color online.)
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