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Figure S1. Mechanism of chlorine attack on polyamide membranes. Taken from [1] with 

permission. 

 

 

Figure S2. Contact angles of new and aged AQP membranes. 
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Figure S3. FTIR-ATR spectra of new and aged AQP membranes (active layer sides). 

 

 

 

Figure S4. Hydrogen bond (red broken line) between the amidic hydrogen and the oxygen 

atom of the hydroxyl group of carboxylic acid. 

 

When this hydrogen bond is broken due to N-chlorination of the amide group, the OH bond of 

the carboxylic acid group gets stronger, which makes it more difficult to deprotonate. 
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Figure S5. SEM images of AQP membrane surfaces. (a) Pristine membrane (active layer); (b) 

Pristine membrane (support layer); (c) Membrane aged in 10 ppm NaOCl at pH 9 for 10 h 

(active layer); (d) Membrane aged in 1000 ppm NaOCl at pH 9 for 10 h (active layer). 

 

The surface morphology revealed by SEM was similar to that reported by Xia et al. for 

another aquaporin flat-sheet membrane for forward osmosis [2]. Polyamide nodules are 

visible on the images of the active layer of both the pristine and aged membranes (see Fig. S5 

a, c and d). The porous structure of the support layer, with pore sizes in the range ∼0.1-1 m 

(see Fig. S5 b) can be seen even on the figures showing the active layer side of the 

membranes. Of course, this cannot be attributed to defects in the membrane active layers as 

all the membranes were found to exhibit very high naproxen and diclofenac rejections (around 

98 %). This is most likely the result of damage to the thin active layers caused by the high 

vacuum during the sample preparation. 
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Figure S6. XPS wide spectrum of the AQP membrane active layer after ageing in 1000 ppm 

NaOCl at pH 9 for 10 h. 

 

The detection of sulfur (coming from the PES support) indicates that the active layer was 

damaged during the sample preparation (most likely by the high vacuum). Chlorine was 

detected as a result of N-chlorination after exposure to sodium hypochlorite.  
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Figure S7. Si 2p XPS spectra of AQP membrane active layers. (a) pristine membrane; (b) 

membrane aged in 1 ppm NaOCl at pH 9 for 100 h; (c) membrane aged in 100 ppm NaOCl at 

pH 9 for 10 h; (d) membrane aged in 1000 ppm NaOCl at pH 9 for 10 h. 

 

The presence of polymersomes incorporating aquaporins was confirmed by the detection of 

silicon (Si) on the surface of the various membranes (pristine and aged). 
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Figure S8. 2D and 3D AFM images of AQP membrane active layers. (a) pristine membrane; 

(b) membrane aged in 1 ppm NaOCl at pH 5 for 100 h; (c) membrane aged in 10 ppm NaOCl 

at pH 5 for 10 h; (d) membrane aged in 1 ppm NaOCl at pH 9 for 100 h; (e) membrane aged 

in 10 ppm NaOCl at pH 9 for 10 h; (f) membrane aged in 100 ppm NaOCl at pH 9 for 10 h; 

(g) membrane aged in 1000 ppm NaOCl at pH 9 for 10 h. 
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