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Abstract 

Polymersomes-based reverse osmosis (RO) membrane (PBM) for desalination was reported 

for the first time. An amphiphilic tri-block copolymer, PMOXA6-PDMS35-PMOXA6 (ABA), 

was self-assembled to form polymersomes with spherical nanostructure. The polymersomes 

were then immobilized into a polyamide network via an interfacial polymerization reaction 

on top of polysulfone membrane substrate. Under a moderate salinity condition, the PBM 

presented almost doubled water permeability and higher salt rejection than the control 

membrane without polymersomes in the polyamide network. Based on the results of a series 

of characterization the better water permeation of the PBM is believed to result from larger 

globular features containing highly water permeable polymersomes, which created a higher 

void fraction in the selective layer, whereas the highly cross-linked polyamide selective layer 

as well as the polymersome bilayer’s impermeability to NaCl may led to the enhanced salt 

rejection. Surprisingly, at an elevated NaCl concentration up to 32,000 ppm, the PBM 

exhibited ~ 60% water flux enhancement and even better NaCl rejection as compared with 

commercial seawater RO membranes. In general, the PBM presented a water flux similar to 

the RO membranes with loose polyamide matrix (BW30), but a rejection behavior close to 

the dense RO membranes (SW30). This study provides a paradigm shift in developing new-

generation RO membranes for energy and cost-effective desalination process. 

 

Keywords: polymersome; reverse osmosis; seawater desalination; interfacial polymerization; 

high water flux. 
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Graphic abstract 
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Research highlights 

 Polymersomes-based RO membrane (PBM) for desalination was firstly reported 

 Polymersomes were immobilized into an interfacially polymerized polyamide layer  

 Large globular features surrounded by the polyamide matrix were observed  

 Superior performance than SW30 in desalination of 32,000 ppm NaCl feed solution 
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1. Introduction 

 

Freshwater shortage is becoming a global issue due to rapidly multiplying population and 

severe environmental contamination [1, 2]. To address this worldwide challenge, reverse 

osmosis (RO) membranes are utilized to extract clean water from wastewater and seawater, 

which have been continuously developed for over 40 years [3, 4]. The most commonly used 

commercial RO membranes are the thin-film composite (TFC) membranes, which consist of a 

thin polyamide selective layer, an intermediate porous polymeric substrate, and an additional 

woven/nonwoven mechanical support [5]. The polyamide selective layer, synthesized via the 

interfacial polymerization technique, is the critical barrier for separation [6]. The high 

performance of the selective layer, in terms of water permeability, salt rejection and fouling 

resistance, is desirable to reduce the operational energy, chemical consumption, maintenance 

cost, and footprint of the RO membrane [7-9]. 

 

With the advancement of nanotechnology, thin-film nanocomposite (TFN) membranes were 

proposed by incorporating nanomaterials into the membrane selective layer [10-12]. Most 

nanomaterials used for TFN membrane preparation are inorganic nano-fillers, such as zeolites 

[13], silica [8], silver [14], titanium dioxide [15], and metal organic frameworks [16]. Few 

nanomaterials are organic nano-fillers such as protein water channels [17-19]. The TFN 

membranes are expected to exhibit high water permeability, high membrane selectivity or 

better antifouling properties. However, to date, most TFN membranes were evaluated and 

used under low salinity conditions, which are only suitable for the treatment of low salinity 

water streams like brackish water, wastewater, or meant for nanofiltration applications [11, 

20]. The relatively poor compatibility between inorganic nanomaterials and polymeric 

materials may result in a defective selective layer in micro-scales, deteriorating the rejection 
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at high salinity conditions [20, 21]. Moreover, due to the fact that the severity of 

concentration polarization is exponentially related to the salt concentration [22], concentrated 

feed would induce more severe concentration polarization and worsen the membrane 

rejection, particularly for a defective membrane. Therefore, a defect-free selective barrier 

with good water/salt selectivity is crucial for the successful adoption of the RO membrane in 

high salinity conditions [23].  

 

Amphiphilic block copolymers consist of two or more chemically distinct blocks, which 

could self-assemble to form various nanoscale structures, like vesicles, cylinders, micelles, 

and lamellae, depending on the composition and chain architecture of the block copolymers 

[24-26]. In previous studies, self-assembled block copolymers were made into thin-film 

ultrafiltration or nanofiltration membranes [27-30]. However, to the best of our knowledge, 

no RO membrane has yet to be made by block copolymers via self-assembling approach. 

 

Herein, a triblock copolymer composed of poly(2-methyloxazoline)-block-

poly(dimethylsiloxane)-block-poly(2-methyloxazoline) (PMOXA6-PDMS35-PMOXA6, 

labeled as ABA) was used for self-assembling to form spherical nanostructures in an aqueous 

phase. The nano-spheres were then immobilized into a polyamide network via interfacial 

polymerization (IP) to form a selective layer of RO membrane. Good compatibility between 

ABA and polyamide is expected to produce a defect-free selective layer. In addition, the 

nano-channels for water in the ABA are envisaged to improve the membrane’s intrinsic 

parameters, such as water permeability and water/salt selectivity [26].  

 

As illustrated in Scheme 1, the ABA was self-assembled to spherical hollow structure 

(polymersomes) in the aqueous solution, and the polymersomes were then mixed with m-



7 

 

phenylene diamine (MPD) solution. The mixture solution was subsequently applied to the 

polysulfone substrate surface. After removing the excess mixture using N2 gas, the residual 

MPD/polymersomes impregnated membrane surface was brought to contact with the 

trimesoyl chloride (TMC) hexane solution to form a polyamide layer in which polymersomes 

were immobilized. The resultant membrane was labelled as polymersomes-based membranes 

(PBM). For comparison, the same procedure was taken for making the control membrane 

without polymersomes in the MPD solution. The membrane formation process is explained in 

the subsequent section.  

 

 

Scheme 1. Procedure illustration of the synthesis of PBMs via interfacial polymerization  

 

2. Experimental 

 

2.1 Materials and chemicals 

Milli-Q® deionized (DI) water (Millipore, integrated ultrapure water system, 18.2 MΩ·cm) 

was used for the preparation of solution. Polysulfone (PSf, Molecular weight (MW) 75,000-

81,000 Da, Solvay), Polyethylene glycol (PEG, MW 200, Merck Chemicals, Singapore) and 
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N-Methyl-2-pyrrolidone (NMP, >99.5 %, Merck Chemicals, Singapore) were used as 

polymer materials, additives and solvents, respectively. Poly(2-methyloxazoline)-block-

poly(dimethylsiloxane)-block-poly(2-methyloxazoline) triblock copolymer (PMOXA6-

PDMS35-PMOXA6 labeled as ABA, Polymer Source Inc.) was used to form polymersomes. 

M-Phenylenediamine (MPD, ≥ 99 %, Sigma Aldrich) and trimesoyl chloride (TMC, ≥ 99 %, 

Sigma Aldrich) were used as the monomers in the interfacial polymerization process. 

Brackish water membrane (BW30) and seawater membrane (SW30) were the two 

commercial membranes which are free samples from Dow Filmtec (USA). The feed solution 

used for evaluating reverse osmosis performance was prepared by sodium chloride (NaCl, 

analytical grade > 99 %, Merck). All chemicals were used without further purification. 

 

2.2 Polymersome preparation 

Polymersomes were prepared using a film rehydration approach [31]. First, 20 mg of ABA 

polymer was dissolved in 1 mL of chloroform. The solvent was removed using a rotavapor 

apparatus and dried under a high pump for 4 hours, leading to a polymer thin film. Next, DI 

water (2 mL) was added to rehydrate the polymer film with moderate agitation, followed by 

stirring at room temperature for 72 hours to form vesicle solutions. Finally, the vesicle 

solutions were extruded through 400 nm and 200 nm pore size polycarbonate filters 

(Whatman, USA), respectively, for 21 times each using Avestin extruder (Canada) to form 

polymersomes with uniform size distributions.  

 

2.3 Membrane synthesis 

Phase inversion method was adapted to fabricate the membrane substrate according to the 

previous study [17]. Briefly, a polymer mixture solution containing 20 wt% polysulfone 

(PSf), 5 wt% PEG and 75 wt% NMP was fully dissolved at 70ºC. The polymer dope 
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solution was then cooled down and cast with a film applicator (Elcometer model 4340, 

Elcometer Asia) with a slot height of 150 µm. The polymer dope solution was spread 

evenly on the top of a nonwoven support, which had been fixed onto a clean glass plate. 

Then the cast film was immersed into a tap water coagulation bath (25 ± 1 ºC) for phase 

inversion. After membrane substrate was solidified, the substrates were kept in DI water 

for further modification.  

 

The polyamide layer was then formed on top of the membrane substrate using interfacial 

polymerization technique [17]. In aqueous solution, dilute MPD solution was mixed with a 

5 mg/ml polymersome solution to obtain a final mixture solution containing 1 wt% of 

MPD and 0.016 wt% of polymersomes. The mixture solution was exposed to the substrate 

surface for 20 mins. After removing the excess mixture solution by using N2 gas at 1 bar, 

the substrate surface was contacted with a 0.1 % TMC solution for 3 mins. Finally, the 

membrane was cured in a 70 ºC DI water bath for 10 mins. The resultant membrane was 

labeled as PBM. For comparison, a control membrane was fabricated by the same 

procedures with the absence of polymersome in the MPD solution. All the membranes 

were preserved in 4ºC DI water.  

 

2.4 Polymersome characterization 

The size distribution of the polymersomes was determined using a Zetasizer (NanoZS, 

Malvern Instruments Limited, UK) at 22ºC, with a sample concentration of about 1 mg/mL in 

a disposable PMMA micro-cuvette. The structure of the polymersomes was characterized 

using transmission electron microscope (TEM, JEOL JEM-1400 Plus Electron Microscope, 

USA). For sample preparation, about 10 µL of polymersome sample was dropped on the Cu 

grid (Formvar Carbon 200 mesh, EMS, USA) for 10 mins, followed by removing the liquid 
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using filter paper (Whatman, USA). After 1 hour of drying inside a desiccator, the samples 

were ready to be imaged under TEM.  

 

The permeability of vesicles was investigated using a Stopped-Flow Spectrometer (SX20, 

Applied Photophysics, UK), with a concentration of NaCl solutions of 0.3 M. The operation 

procedure is similar to that reported in Ref [18]. In brief, polymersomes were vigorously 

mixed with a hyper-osmolar solution. Due to the osmolarity difference between the 

intravesicular and extravesicular solutions, the vesicle shrinks. The shrinkage rates of vesicles 

were monitored by light scattering method. The final single curve was averaged from eight 

independent scattering traces from the stopped-flow measurements. The initial rising rate 

(k=693±73 s-1 based on Figure 1c) was calculated by fitting the averaged curve with double 

order exponential. The water permeability of the polymersomes, Pf (m/s), was calculated as 

follows: 

        (1) 

Where Δosm (osmol/L) represents the osmolarity difference between the intravesicular and 

extravesicular solutions, S/V represents the ratio of the initial surface area to the volume of 

vesicles, and Vw represents the partial molar volume of water (0.018 L/mol). 

 

2.5 Membrane characterization 

All membrane samples were dehydrated for 12 hours in freeze-dryer and preserved in vacuum 

desiccators for at least 24 hours prior to characterization. The membrane surface and cross-

section morphologies were characterized by a Field-emission Scanning Electron Microscopy 

( FESEM, JSM-7600F, JEOL, Japan) following similar sample-preparation procedures by Qi 

et al. [32]. The membrane was snapped in liquid N2 to expose the membrane cross-section. 
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The membrane surface roughness was evaluated by an atomic force microscope (AFM, Park 

XE-100) based on the parameters in literature [33-35]. 5×5 µm2 area was measured by AFM 

under non-contact mode.  

 

X-ray photoelectron spectroscopy (XPS) was performed on clean membranes using a PHI 

Quantera II with Al Kα radiation as X-ray source (1486.6 eV) with a spot size of 200 x 200 

μm according to the reference [36]. Briefly, ten survey scans sweeping over 0-1K eV electron 

binding energy with a resolution of 1 eV were averaged for each surface measurement. The 

elemental composition of C, N, O, S and Si were calculated from the integrated intensities of 

the C1s, N1s, O1s S2p and Si2p peaks. Depth profiles are recorded by continuously etching 

the sample until an estimated depth of 0.5 μm was reached. The etching rate was 5 nm per 

minute based on SiO2 calibration and with a take-off angle of 45º. It should be noted that the 

depth in the XPS is an approximate value which depended on the calibration materials used 

[36].  

 

The cross-section sample of the membrane for Transmission Electron Microscopy (TEM) 

characterization was prepared by Focus Ion Beam (FIB) in a PEI Helios 600i machine with a 

30 kV ion beam voltage according to the reference [37, 38]. Briefly, before cutting, platinum 

(Pt) line was deposited on the area of interest to protect the top portion of the specimen and to 

mark the position of the target area (Figure 1a). After cutting two deep trenches (Figure 1b 

and c), the target lamella was removed from the trench by using micromanipulator, and 

further polished until a desired thickness (Figure 1d). Finally, the thin lamella was transferred 

to a TEM half-gird via an internal nano-manipulator inside the FIB chamber. After 

transferring the TEM half-gird to the TEM chamber, the cross-section images were observed 

under the TEM mode (FEI Tecnai F20) with different magnifications. 
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Figure 1. The cross-section sample preparation procedure via FIB technology  

 

2.6 Membrane Separation Properties 

Reverse Osmosis (RO) performance of the PBMs, control, and commercial membranes were 

tested using a customized cross-flow membrane filtration equipment with four parallelly-

positioned permeation cells (CF42 Membrane Cell, Sterlitech, effective filtration area of 42 

cm2 each). The detailed process was described in detail elsewhere [17, 39]. In short, 

membrane coupons were installed in the cell with the polyamide layer facing the feed 

solution, and diamond-shape spacers were used to minimize the external concentration 

polarization. Membranes were first pressurized with pure water at 40 bars before testing until 

a consistent water flux was reached. After compaction, the pressure was reduced to 35 bars 

for water flux and conductivity measurements. Two concentrations of feed solution were used 

(i.e., 2,000 ppm and 32,000 ppm) to evaluate the membrane separation properties and the 
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desalination performance, respectively. A constant CFV of ~ 0.2 m/s was maintained at the 

operation temperature of 25 ±2 oC for all measurements throughout the entire testing period.  

 

The water flux (Jv) was calculated from the weight of the collected permeate per period of 

time and converted to liters per square meter per hour (L/m2h). The water permeability (A) 

and the salt rejection (R) were obtained according to the following equation: 

        (2)  

        (3) 

where Jv is the gravimetric water flux, ΔP is the applied pressure and Δπ is osmotic pressure 

difference between the feed and permeate solutions. In equation 3, the concentration of the 

permeate (Cp) and the concentration of the feed solution (Cf) were determined using a 

conductivity meter (Ultrameter II, Myron L Company, Carlsbad, CA). Furthermore, the value 

of the solute permeability (B) was obtained by fitting the RO filtration experimental results 

with the formula: 

     (4) 

where k is the mass transfer coefficient in the boundary layer near the membrane surface. In 

the case when concentration polarization is negligible, the value of exp(-Jv/k) nearly equals to 

1, thus equation (4) can be simplified to: 

         (5) 

Further, the ratio of water permeability and solute permeability (A/B) characterize the 

selectivity of a membrane.  
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3. Results and discussion 

3.1 Characteristics of polymersomes 

Figure 2a shows the hydrodynamic diameter of polymersomes measured using dynamic light 

scattering (DLS). The polymersomes have an average diameter of ~200 nm and a good 

polydispersity index (PDI) of ~0.3. A transmission electron microscope (TEM) image (Figure 

1b) displays the morphology of dry polymersomes. Spherical hollow structures were 

successfully self-assembled with an average size around 100 nm. The polymersomes 

presented by TEM have a smaller size as compared to their hydrodynamic diameter as the 

vesicular structures contracted when the aqueous medium was removed [40].  

 

 

Figure 2. (a) DLS results of the polymersome solution; (b) TEM image of dry polymersomes; 

(c) Stopped flow results of polymersome 
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Moreover, the water transportation feature was measured by the stopped-flow instrument 

(Figure 2c). A high water permeability Pf of 0.0023 m/s was obtained based on the stopped-

flow results, which is believed to result from the nano-channels in vesicles [41]. Additionally, 

such results reveal the capability of the polymersome for effective NaCl rejection. Since the 

osmolarity of the experiment was provided by 0.3 M NaCl, the occurrence of osmosis 

indicated that the polymersome bilayer efficiently rejected the NaCl from entering the 

vesicles. Such impermeability to salt could boost the salt rejection of the resultant RO 

membranes, which will be demonstrated in the subsequent sections.  

 

3.2 Characteristics of polymersomes-based membranes (PBM) 

Representative cross-sectional TEM images and XPS elemental depth profiles are presented 

in Figure 3 for the PBM along with its control membrane. For both membranes, from the 

TEM images, well-defined globular features were observed near the interface of the 

polyamide and polysulfone layers, which were surrounded by the polyamide matrix. Bigger 

globules were shown for the PBM as compared to the control membrane, which is believed to 

be intorducedbe caused by the presence of polymersomes. In previous studies, the globules 

have been identified as voids which commonly existed in commercial polyamide RO 

membranes [42, 43]. Significant amounts of voids are critical for effectively improved water 

permeability [42, 43]. Probably due to the excellent compatibility between the two polymeric 

materials, the boundaries between the polymersomes and polyamide are difficult to be 

distinguished in the TEM image. However, the evidence is provided in Figure 2b and 2d, 

where the XPS depth profiling (Figure 2d) showed that silicon (Si) was detected in the PBM, 

confirming the presence of polymersomes, while Si was absent in the control membrane 

(Figure 2b). Furthermore, the concentration of Si increased with an increase in depth and 

gradually reached a plateau at approximate 200 nm below the top surface. Sulphur (S) and 
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nitrogen (N) are presented for both the PBM and control membrane, which mainly came from 

the polysulfone substrate and polyamide layer, respectively. 

 

 

Figure 3. Characterization of home-made membranes by TEM and XPS: (a-b) control 

membrane and (c-d) the PBM 

 

Figure 4 presents the surface and cross-section FESEM images of the control and the PBM 

membranes. Both membrane surfaces (Figure 4a-b) exhibited the characteristic “ridge-and-

valley” structure, which typically resulted from the reaction of aromatic acid chloride with 

aromatic diamines [6]. However, larger leaf-like micro-structures can be observed on the 

surface of the PBM as compared to the control membrane. From the cross-section 

morphologies (Figure 4c-d), a polyamide layer on the top of the porous polysulfone substrate, 

with thicknesses in the range of several-hundred nanometers, can be observed for both 
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membranes. However, the polyamide layer of the PBM presented thicker and larger 

protuberances in comparison with the control membrane, which resulted in a rougher surface. 

Based on the atomic force microscope (AFM) measurements shown in Figure 5, the average 

roughness is ~ 75 nm for the PBM, larger than that for the control membrane (~38 nm). 

 

 

Figure 4. FESEM images of membrane surface: (a) control membrane and (b) the PBM; 

FESEM images of membrane cross-section: (c) control membrane and (d) the PBM 

 

 

a b 
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Figure 5. AFM images of (a) control membrane and (b) the PBM. 

 

3.3 Separation properties of PBM 

Separation properties of the control and the PBM membranes were firstly evaluated under 

low salinity condition and the results are listed in Table 1. Water permeability (A) was 

measured by the gravimetric method, and NaCl rejection (R) was determined based on the 

conductivity of the feed and permeate, respectively. Compared with the control membrane, 

close to 100% improvement for A value and a significantly higher R were obtained for the 

PBM. Based on Figures 3 and 4, the improved void fractions and highly rough surface of the 

PBM are believed to be responsible for the improvement, due to the creation of shorter paths 

for water diffusion [43]. In addition, the highly water-permeable polymersomes are also 

believed to contribute to water permeation.  

 

Table 1. Separation properties for the control, the PBM, commercial SW and BW membranes 

using 2,000 ppm NaCl as feed under an applied pressure of 35 bars at 25 ºC. 

Membrane* A R B Selectivity 

 L/m2.h.bar % L/m2.h 1/bar 

Control 1.3±0.1 93.7±0.5 3.0±0.5 0.4±0.1 

PBM 2.4±0.2 99.6±0.1 0.4±0.1 6.7±0.4 

SW30 1.2±0.1 99.3±0.2 0.3±0.1 3.3±0.2 

BW30 2.6±0.3 97.6±0.2 2.2±0.4 1.2±0.1 

*All the membranes were compacted under 40 bars until flux was stable and the applied 

pressure was then lowered to 35 bars to evaluate the separation properties. The CFV was 

maintained at 0.2 m/s during the tests. The standard deviations represented at least three 

independent membranes. 
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Meanwhile, as listed in Table 1, the PBM exhibited much lower solute permeability (B) and 

better membrane water/salt selectivity A/B. The commonly observed trade-off relationship 

between water permeability and water/salt selectivity (i.e., membranes with high A usually 

exhibited low A/B) didn’t apply to the PBM [44, 45]. Based on the elemental composition and 

oxygen to nitrogen (O/N) ratio of the control and PBM membranes from the XPS analysis 

(Table 2 and Figure 6), the O/N ratio for the PBM is around 1, while the O/N ratio for the 

control membrane is around 1.3. Theoretically, if a polyamide layer is fully cross-linked, the 

value of O/N is 1, whereas the value of O/N is 2 if it is partially cross-linked [5]. This 

indicated that the PBM had a highly cross-linked polyamide network as compared with the 

control membrane, leading to a tighter polymer matrix for higher salt rejection. Besides, as 

revealed in Section 3.1, the polymersome bilayer’s impermeability to NaCl would also add up 

to the better salt rejection of PBM.  

Table 2. Elemental compositions and O/N ratios of the control and PBM membranes from 

XPS analysis 

Membrane 
XPS surface elemental analysis 

O (%)  N (%)  C (%)  O/N ratio  

Control  14.2±0.04  10.9±0.2  74.9±0.3  1.30  

PBM  11.9±0.6  12.1±0.4  76.0±1.1  0.98  
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Figure 6. Elemental compositions of the surface for control membrane and the PBM from 

XPS analysis 

 

Moreover, the separation properties of the PBM were also compared with the state-of-the-art 

commercial seawater RO membrane (SW30) and brackish water RO membrane (BW30) in 

Table 1. Higher A and better R were found for the PBM as compared to the SW30 membrane. 

On the other hand, a slightly lower A but the much higher selectivity of the PBM than the 

BW30 membrane resulted in a much higher R of the PBM. 

 

3.4 Desalination performance of PBM 

The PBM was also evaluated for high salinity application together with the commercial 

SW30 and BW30 membranes under the same testing conditions (Figure 7). All membranes 

performed a stable water flux and salt rejection during the period of the tests. Over the whole 

testing period, PBM exhibited nearly 60% higher water flux than the SW30 membrane with 

slightly enhanced rejection. Compared with the BW30 membrane, the PBM showed a similar 
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water flux but a much higher salt rejection of 98.9% in comparison with 94.6% for the BW30 

membrane. More information is presented in Table 3. For both of the PBM and the SW30 

membranes, around 0.7~0.8% decline in salt rejection was observed when the feed salt 

concentration increased from 2,000 ppm to 32,000 ppm (Table 1 and Table 3). In contrast, a 

significant deterioration in rejection (~2%) was found for the BW membrane with an elevated 

salt concentration of 32,000 ppm. At a higher salinity condition, more severe concentration 

polarization would occur when other operational conditions were maintained the same [46]. 

The severe concentration polarization tended to lead to a high degree of salt leakage for the 

membrane with loose polyamide matrix [20]. The PBM presented water flux similar to RO 

membranes with loose polyamide matrix like BW30, but rejection behavior close to the dense 

RO membranes like SW30. 
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Figure 7. Desalination performance of the PBM and commercial membranes. 32,000 ppm 

NaCl was used as feed solution. Applied pressure was 35 bars. Temperature was 25 ºC. (All 
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membranes were compacted under 40 bars until flux was stable and the applied pressure was 

reduced to 35 bars to measure the separation properties. The CFV was maintained at 0.2 m/s 

during the tests). 

 

Table 3. Water flux and NaCl salt rejection for control, the PBM, commercial SW and BW 

membranes at 25 ºC.  

Membrane Jv R Cf 

 L/m2.h % X 103 ppm 

Control 14.7±1.8 94.2±0.7 32 

PBM 20.4±0.8 98.9±0.2 32 

SW 12.8±1.9 98.5±0.1 32 

BW 15.0±1.5 94.6±0.2 32 

 

*All the membranes were compacted under 40 bars until flux was stable and the applied 

pressure was reduced to 35 bars to measure the water flux and salt rejection. The standard 

deviations represented at least three independent membranes. 

 

4. Conclusions 

In conclusion, the polymersomes-based RO membranes were successfully fabricated for the 

first time, which presented excellent water permeability and water/salt selectivity particularly 

under feed conditions with elevated salt concentrations. The performance of the PBM is 

superior to the state-of-the-art commercial seawater and brackish water RO membranes. More 

importantly, the special functionality of polymersomes, such as controllable size, excellent 

compatibility with polymer matrix, and the feasibility of blending with other functional nano-

materials, allows for further optimization of the PBMs. The current study provides a 

paradigm shift in developing new-generation RO membranes for energy and cost-effective 

desalination process. Although we mainly discuss the successful incorporation of bio-inspired 

polymersomes into polyamide matrix, the general construction concept also shed light on the 
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fabrication of copolymer-based biomimetic structures, such as artificial skin and organs, 

imbedded selective channels and so on, due to the high selectivity of the resultant films. 
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