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1. Theories

1.1. The main theory for anion exchange membranes with selective separation of 

monovalent anions. 

The three main aspects for preparation of AEMs with selective separation of 

monovalent anions: 

1) The fixed ion exchange sites and the solution counter ions electrostatic

repulsion forces effect, see in Figure S1; 

2) The hydrated ionic diameter of different anions and AEMs structure sieving

effect, see in Figure S2; 

3) The mobility of anions cross the AEMs, see in Figure S3.

Figure S1. The electrostatic repulsion forces effect for selective separation of monovalent anions. 

Due to the F (monovalent) > 0, monovalent anions will through; while, for multivalent anions, F 

(multivalent) < 0, these kinds of anions will not through the membrane. 
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Figure S2. The sieving effect. If the hydrated ion diameter (In practice, the totally ionic hydration 

energy, hydrogen bond energy and each of the hydrogen bond energy and electric field force will 

contribute the resulting hydrated ion diameter) < membrane pore size, the anion will through; 

otherwise, the anion will not through the membrane. 

Figure S3. The mobility of ions cross the membrane effect. There are many reasons contribut the 

mobility of ions, such as the binding affinity to the fixed ion exchange sites, pH (affect the 

property of ion exchange membrane), specific ion channel. For example, if there is a ion with a 

strong the binding affinity to the membrane ion exchange sites, it will easier ion exchange the 

membrane and through the membrane under the electric field. 
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1.2. The main theory for anion exchange membranes with antifouling (reduced 

for organic fouling) property. 

Colloidal fouling, organic fouling, scaling and bio-fouling are the main 

classification of ion exchange membrane fouling. Especially, the existent of large 

amount of organic fouling materials could easily coated on the AEMs surface, which 

increase the membrane electrical resistance tremendously in ED. Organic fouling on 

the AEMs surface mostly due to electrostatic and hydrophobic interactions. Therefore, 

the electrostatic forces of repulsion and hydrophilic materials modified on the AEM 

surface are the main methods to prepare the membrane with antifouling property, as 

shown in Figure S4 and Figure S5. 

Figure S4. The electrostatic forces of repulsion modified on the AEM surface for reduction of 

negatively charged original materials fouling in ED. 

Organic fouling materials usually show the 

negative charge.
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Figure S5. The hydrophilic materials modified on the AEM surface for reduction of hydrophobic 

original materials fouling in ED. 

1.3. The theory for amide condensation reaction. 

The large number of amino groups (-NH2) in the 4-amino-benzenesulfonic acid 

monosodium salt (ABS) and poly(L-dopa) (L-PDA) with lots of carboxyl groups 

(-COOH), the amide condensation reaction was reacted between ABS and L-PDA 

under the catalyst of 1-ethyl-3-(3-dimethylami-nopropyl) carbodiimide hydrochloride 

(EDC-HCl) and N-hydroxy-succinimide (NHS), as shown in Figure S6.The amide 

condensation reaction is the negatively charged ABS were firmly grafted on the 

surface of L-PDA AEM by chemical bond (-NH-OC-).  

Figure S6. The amide condensation reaction. 

Organic fouling materials usually coated on 

the hydrophobic membrane surface.
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1.4. The theory of the L-dopa oxidized and self-polymerization 

Figure S7. The theory of the L-dopa oxidized and self-polymerization 

1.5. The concepts of Wenzel state for Young’s model. 

The mechanism of Wenzel state is a creative concept of “roughness factor” for 

the limitation of Young’s model. In this concept, the actual contact area for a water 

droplet and the membrane surface is larger than the contact area of the apparent 

geometry. Due to the hydrophilic of the multilayer, it causes the surface more 

hydrophilic in geometry. In this theory, the variation of the surface hydrophilic is 

closed to the the roughness factor r and expressed by  

r =
 actual area on membrane surface

apparent geometry area
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the apparent contact angle cos θa is calculated by

cos θa =
r(γmg−γmw)

γmw

According to this theory, once AEM surface covered with hydrophilic materials, the 

increasing of the surface roughness, the hydrophilic of membrane surface will 

increase. 

Figure S8. “Wenzel state” and “Cassie-Baxter state” for Young’s model. 

Noncomposite

Wenzel state Cassie-Baxter state

d

b

a

Composite



S7 

2. Methods

2.1. Fabrication of the monovalent anions selectivity layers of anion exchange 

membrane. 

Figure S9. The scheme for preparation of monovalent anions selectivity layers of anion exchange 

membrane. 

2.2. Preparation of the standard Tris-HCl, CuSO4/H2O2 sholution 

10 mM Tris-HCl were prepared and the solution should keep the pH = 8.8 by 

using 1 M HCl. Then, 5 mM Cu2SO4 was mixed into the solution. 1/750 (V/V) of 

H2O2 was mixed the solution and added in to the device immediately.   

Original AEM

Mechanical stirrer

Solutions
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2.3. Scanning electronic microscopy (SEM) 

The morphologies and structures of original AEM and L-PDA#ABS AEM (surface 

and cross-sectional) were characterized by using scanning electronic microscopy 

(SEM, Hitachi S-4800) at an accelerating voltage of 10.0 kV. The EDS maps C, O, N 

and S element over the membrane surface were provided at the same time. 

2.4. Total reflectance Fourier transforms infrared (ATR-FTIR) 

Total reflectance Fourier transform infrared spectroscopy (ATR-FTIR, Nicolet 6700, 

United States) was used to monitor the change of the functional groups between 

original AEM and L-PDA#ABS AEM surface. Membranes were dried thoroughly in 

vacuum oven at 60°C prior to measurements. 

2.5. Atomic force microscopy (AFM) 

Atomic force microscopy (AFM, Bruker, United States) equipped with a 

noncontact type scanner was used to acquire three dimensional topography of 

membrane surface. These images were captured under tapping mode at room 

temperature (~ 25°C). The root means square roughness (Rq), root average arithmetic 

roughness (Ra) and the mean difference between the highest peaks and lowest valleys 

(Rmax) were used to analyse the membrane surface roughness for a scanning area of 

5 μm × 5 μm for each sample. 

2.6. Measurement of surface electrical resistance and polarization 

current-voltage curve 

In this work, for surface electrical resistance measurement, the constant current 

through the membrane is 0.004 A, and S is the membrane effective area, which is 

7.065 cm2. 
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Figure S10. The membrane surface electric resistance measurement and polarization 

current-voltage curve device. 

2.7. Measurement of the stability of fabricated layers. 

5 hours in ED with reverse electrical field was chose to evaluate the stability 

of membrane modification layer (under the constant current and the current density 

was 10.0 mA·cm-2). 

Figure S11. The scheme of lab-made electrodialysis device for membrane stability measurement. 
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2.8. Selective separation of monovalent anion measurement 

Figure S12. The scheme of lab-made electrodialysis device for selective separation of 

monovalent anions.  

2.9. Antifouling property measurement 

Figure S13. The scheme of the antifouling measurement. 
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3. Results.

3.1. The roughness and water contact angle of membranes 

Table S1. The roughness and water contact angle of original AEM and L-PDA#ABS AEM. 

Membranes type 
Roughness/nm 

water contact angle/° 
Ra Rq Rmax 

Original AEM 5.68 7.38 39.5 105.2 ± 2.2 

L-PDA#ABS AEM 7.02 8.59 49.5 68.6± 2.2 

3.2. The equation of liner fit for the conductivity change of the original AEM, 

L-PDA AEM and L-PDA#ABS AEM in ED

Equation: y = a + b ∙ x 

Table S2. The equation of liner fit for the conductivity change of the original AEM, L-PDA 

AEM and L-PDA#ABS AEM in ED. 

Membrane type Intercept (a) Slope (b) 

17.43356 

17.08994 

Original AEM 

L-PDA AEM 

L-PDA#ABS AEM 16.67853 

-0.10222

-0.10263

-0.10748 

3.3. The equation of liner fit for original AEM and L-PDA#ABS AEM in 

desalination. 

Equation: y = a + b ∙ x 

Table S3. The equation of liner fit for original AEM and L-PDA#ABS AEM in desalination of 

NaCl. 

Membrane type Intercept (a) Slope (b) 

Original AEM 5.84495 -0.07156

L-PDA#ABS AEM 5.81536 -0.07167
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Table S4. The equation of liner fit for original AEM and L-PDA#ABS AEM in desalination of 

NaCl. 

Membrane type Intercept (a) Slope (b) 

Original AEM 5.79063 -0.06698

L-PDA#ABS AEM 5.71813 -0.06761

Table S5. The equation of liner fit for original AEM and L-PDA#ABS AEM in desalination of 

Na2SO4. 

Membrane type Intercept (a) Slope (b) 

Original AEM 9.38616 -0.05434

L-PDA#ABS AEM 9.46158 -0.05235
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