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Hydrophilic/hydrophobic dynamers prepared via template partial 

phase segregation, have been used for the formation of 

asymmetric membranes for directional water transport.  

Dynamic polymers - Dynamers
1-4

 have emerged as a new type 

of reversible materials giving access to adaptive behaviours in 

response to external
5-11

 or internal stimuli, leading to the 

specific structures and of variable morphologies.
12-13

 Recently 

we became interested in biomimetic water transport which 

may imply important insights on solving important biological 

scenarios and also to provide an improvement over current 

technologies in water desalination.
14-16

 Wetting behaviours in 

natural systems (i.e. lotus leaves, butterfly wings etc.) are 

other inspiring examples for the construction of systems for 

water transport.
17-20

 We know that the directional water 

transport can be achieved by using hydrophobic/hydrophilic 

HP/HY porous macroscopic layers.
20

 Within this context, we 

considered that dynameric membranes prepared under 

molecular control
6
 may constitute an interesting alternative in 

the ability to control the directional water transport and to go 

further toward highly selective separations of low mass solutes 

(ions, peptides, etc) controlled via molecular diffusion. 

 

Figure 1. Constitutional segregation of the hydrophilic (blue) /hydrophobic (red) 

elements connected via core-centres (violet) for asymmetric membrane generation. 

Herein, we report asymmetric HP/HY dynameric membranes 

for directional water transport. We presumed that the 

combination of HP and HY segments connected via reversible 

covalent bonds, may induce phase segregation at the 

molecular level in the presence of a templating support, under 

the pressure of constitutional internal affinity of components. 

In order to generate such dynamers, trialdehyde core-centres, 

HY PEG-diamine and HP alkane-diamine segments have been 

connected via reversible amino-carbonyl/imine chemistry. It 

results in the formation of dynameric frameworks, enabling 

the dynamic exchange between components in solution and 

gels toward the membrane formation by casting on templating 

support. Using such constitutional reorganization during the 

phase change processes,
21

 partial phase segregation can be 

achieved at molecular level (Fig. 1). Our initial attempt started 

from 1,3,5-benzenetrialdehyde, 1 and 2,2′-(ethylenedioxy) 

bis(ethylamine) 2, (0.75 eq.) and 1,8-diamino-octane 3, (0.75 

eq.) building blocks (reflux 2h, in CHCl3 -Scheme 1a). 
1
H-NMR 

spectral data agree with the total consumption of aldehydes 

and the formation of symmetrical cross-linked 1·2·3 

frameworks (Fig S3, S4 ESI). HP Teflon plates have been used 

as templating surfaces. In order to exam the molecular 

segregation effect, we used the contact angle analysis (CA) as a 

direct indication of wettability behaviours, as well as energy-

dispersive X-ray spectroscopy (EDX) to know the elemental 

distribution on both membrane surfaces. The CA show that the 

wettabilities of the membrane air-contact upside surface and 

down-side support-contact surface are almost similar: 80.9° 

and 88.0° (Teflon) or 76.7° and 80.2° (Glass) respectively in 

agreement EDX atomic distribution (ESI) proving that for this 

precursors the constitutional interactions of the short chains 

are not enough strong in order to promote segregation.  

 

Scheme 1. Schematic representation of the synthesis of dynameric frameworks 

combining a) 1,3,5-benzenetrialdehyde 1,  and  2,2′-(ethylenedioxy)bis(ethylamine) 2, 

and 1,8-diaminooctane 3 and b) 1,3,5-benzenetrialdehyde 1, 4,7,10-trioxa-1,13-

tridecanediamine 4, and 1,12-diaminododecane 5. 
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Considering the moderate segregation observed for 1·2·3, 

longer molecular components 4,7, 10-trioxa-1,13-tridecane-

diamine 4 and 1,12-diamino-dodecane 5, were used thereafter 

using similar experimental conditions (Scheme 1b). In this 

case, solvents with different polarities were screened: CHCl3, 

CH3CN, THF and acetone.
 1

H-NMR spectral data agree with the 

partial consumption of aldehydes and the formation of 

unsymmetrical cross-linked 1·4·5 frameworks (Fig S5-S7 ESI). 

From the results of CA, all membranes 1·4·5 showed 

considerable improvement in phase segregation compared to 

1·2·3. For example with CHCl3, contact angle of upside surface 

was 36.72°, and the value from down side surface was 71.90°. 

Besides this, for the membrane generated from CH3CN, water 

disappeared quickly on the upside surface showing high 

wettability, while the contact angle of the down side of the 

membrane was 86.21°. Furthermore, the EDX data clearly 

demonstrated the uneven elemental distribution between the 

two sides (Table 1). However we note that he CA values are 

reminiscent with a partial segregation behavior as time as the 

HY CA are not very low and HP CA angles are not very high. 

Along the phase segregation process, the hydrophilic amino 

and PEG groups were tend to gather together on the upside 

surface, leaving most of the hydrophobic alkane groups on the 

bottom downside surface, in contact with the hydrophobic 

Teflon template. HY/HP and HY/HP dominant/residual 

behaviors are generated at the molecular level toward the 

hybrid distinct surfaces of the material.  We noted that the 

difference between membrane upside and downside surfaces 

is a general trend and strongly dependent of the used solvent 

(Table 1).  

Table 1. EDX result for membranes generated from different solvents. 

  CA
a
 C

b
 N O 

CH3CN upside -
c
 78.14 10.62 11.24 

 down side 86.2° 83.45 9.68 6.87 

CHCl3 upside 36.7° 87.87 2.40 9.73 

 down side 71.9° 89.11 1.55 9.34 

THF upside 49.6° 78.82 10.97 10.21 

 down side 65.3° 80.82 10.57 8.61 

acetone upside 40.6° 72.82 15.22 11.96 

 down side 80.4° 75.71 13.70 10.58 

a
 Contact angles were measured by water droplets on the surface of the 

membrane; 
b 

the recorded data are atomic % percentages; 
c
 water droplets 

disappeared quickly on the membrane surface. 

The morphology from Scanning Electron Microscopy (SEM) 

further confirmed that membranes (100-200 µm thick) are 

dense without pinholes or pores. Among the solvents tested, 

the membrane generated from CH3CN showed an important 

difference between the two sides of different morphological 

behaviors. Even from raw eyes, the upside of the membrane 

presented as rough surface, at the same time the down side of 

the membrane appeared as very smooth (Fig. 2). This 

interesting behavior is not only attributed to the polarity of 

CH3CN, favoring the molecular segregation, but also to the 

kinetics of the evaporation process. The difference in the 

morphological surface behaviors is still present in the cases of 

the other solvents, resulting in the formation of less tortuous 

non-porous upside surfaces (Fig. S9, ESI). Importantly the same 

experiment conducted for a mixture of 1·4 (molar ratio of 

1:1.5) casted from CH3CN, results in the formation of tight 

non-porous morphologies on the both sides, confirming the 

importance of molecular segregation in generating asymmetric 

morphologies (Fig. 2e-f). CA showed that water quickly 

disappeared from both sides of the membrane 1·4 and EDX 

gave almost the same elemental distribution of the two sides. 

 

Figure 2. The images of upside (a) and down side (b) of the membrane 1·4·5; the SEM 

images of the upside (c) and down side (d) of the membrane 1·4·5; the SEM images of 

the upside (e) and down side (f) of the membrane 1·4 as comparison. 

The membranes saturated in water for 2h have been 

evaluated for their transport properties by using a Sterlitech 

HP4750 stirred cell, connected with a balance to measure the 

water mass transported through the membrane. The total 

water mass versus time profiles have been used to determine 

the flux of water filtered through the membranes, oriented 

with upside or with downside surface to the water stream (Fig. 

3). Interestingly, at low pressure of 0.007 bar, water is 

transported only when the upside surface of the membrane 

1·4·5, casted from CH3CN is exposed to water, with a mass flux 

of 0.630 g/min (Fig. 3c), while is completely blocked from the 

down-side surface of the membrane (Fig. 3c). The water 

permeability is favored for the upside surface of the 

membrane (P = 7400 L·m
-2

·h
-1

·bar
-1

). When higher pressures 

are applied, water fluxes are increasing and water can also 

slowly penetrate from the down-side (P = 3900 L·m
-2

·h
-1

·bar
-1

). 

For the reference membrane 1·4 casted from CH3CN we 

recorded similar permeabilities (P = 18 L·m
-2

·h
-1

·bar
-1 

and P = 

14 L·m
-2

·h
-1

·bar
-1 

respectively) for the two sides (Fig. 3d). The 

membranes casted from other less polar solvents than CH3CN 

give less different permeabilities between the two sides, in 

accordance with CA and EDX data, showing less phase 

segregation at the molecular level (Table 2, Fig. S10, ESI). We 

point out on high values of water permeability obtained with 

these membranes that would make them as potential 

candidates for the separation of other solutes like, ions 

peptides, proteins or other metabolites.
22

 The mechanism of 

water permeability is different to the related previous studies 

on porous systems.
20

 and is mostly related to the wettability 

and to the dominant/residual HY/HP or HP/HY hybrid 

Page 2 of 3ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3  

Please do not adjust margins 

Please do not adjust margins 

structures of the dense surfaces. If water is dropped on the on 

dense non-porous HY surface, it spreads and absorb into the 

film. This effect is amplified by the roughness of the HY surface 

of the membrane 1·4·5, casted from CH3CN showing one/two 

orders of magnitude higher permeability than other 

membranes with smooth surfaces.  Although the HP region 

would tend to block the water penetration, the increased 

accumulation of water in the HY region will then reach the 

residual HY channels of the HP part overcoming the 

hydrophobic forces and penetrating the whole membrane (Fig. 

3e). Differently, the accumulation of water in the HY residual 

part of the HP region is probably not sufficient for reaching a 

critical water volume to overcome the hydrophobic forces and 

to penetrate the HY part of the membrane (Fig. 3f). However 

this blockage is overcomed by increasing the operating 

pressure which increase the water permeability from HP side. 

 

Figure 3. Water transport experiment for the two sides of membrane: schematic 

presenting of a) the membrane two sides and b) water transport directions; water flux 

of the two sides of the membrane c) 1·4·5 and d) 1·4; Mechanism of preferential water 

permeation of e) wettable HY surface and of f) unwettable HP surface. 

Table 2. Water permeability of 1·4·5 from different solvents and 1·4 from CH3CN.
a
 

  upside surface
b 

(L·m
-2

·h
-1

·bar
-1

) 

down-side surface
c
 

(L·m
-2

·h
-1

·bar
-1

) 

1·4·5 

CH3CN 7400 3900 

acetone 25 31 

CHCl3 160 71 

1·4 CH3CN 18 14 

a
 The calculation method see ESI; 

b
 water penetrate through the upside surface;

 c
 

water penetrate through the down side surface. 

All these results demonstrate that the synergetic incorporation 

of hydrophobic/hydrophobic components is crucial for the 

template induced phase segregation within the structure of 

the Dynameric frameworks for asymmetric membrane 

preparation. This process is strongly dependent of used 

solvent and is supported by CA, EDX and SEM, experimental 

results. Its application for directional water transport was 

further confirmed. At low pressure, water can only penetrate 

through HY side of the membrane and blocked from the HP 

side. Straightforward synthetic access to asymmetric 

membranes give rise to novel strategies to constitutionally 

built up under molecular control very productive transport 

membranes for high added value applications as water 

purification or protein purification.  
 
This work was supported by funds from ITN DYNANO, PITN-

GA-2011-289033 (www.dynano.eu) and Agence National de 

Recherche, ANR-DYNAFUN. 
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