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METHODS 

Chemicals.  

Commercial flat-sheet polysulfone (PSf) ultrafiltration membranes, PS35-GPP (Solecta, USA), 
were used as support layers for the fabrication of all the polyamide-based membranes. Trimesoyl 

chloride (TMC, 98%), m-phenylenediamine (MPD, flakes 99%), histamine (97%), hexyl 
isocyanate (97%), sodium chloride (NaCl) (≥99.5%), sodium metabisulfite (Na2S2O5, 98%), were 
purchased from Sigma-Aldrich, France. Artificial water channels precursor HC6 has been 
synthesized as previously reported.14 All solvents used in this study were HPLC grade. Methanol 
(MeOH), ethanol (EtOH), tetrahydrofuran (THF), ethyl acetate (EtOAc), dimethylacetamide (DMA), 
acetonitrile (ACN), and hexane were purchased from VWR International Ltd. Unless specified, all 
chemicals were dissolved in DI water obtained from a Milli-Q ultrapure water purification system 
(Millipore, France). All the reagents and solvents were used without any further purification. 

Membrane morphological and physio-chemical characterization.  

Dynamic light scattering (DLS) measurements were performed using a Malvern Zetasizer with a 
173° backscatter measurement angle and a quartz cuvette with a square aperture. The samples 
were prepared by dissolving the HC6 in ethanol to achieve 0.5, 1 and 2.5% w/w. In order to 
investigate the formation of AWC colloidal aggregates, different amount of water was added to the 
HC6/ethanol solution under various conditions. We investigated the formation of AWC colloidal 
aggregates by dynamic light scattering (DLS).  Fig. S1a shows the size distribution of hydrodynamic 
diameter (Dh) after the addition under vigorous stirring of pure water and 2 w/w% aqueous solution 
of MPD to 1% HC6 in ethanol to reach EtOH/H2O and EtOH/H2O+MPD =1/3. The Dh of AWC 
colloidal aggregates is 200 nm when pure water was added, whereas, when 2 w/w% of an aqueous 
solution of MPD was added, the Dh is reduced to 70 nm and the size distribution became slightly 
larger (Fig. S1b). This indicate that HC6 interacts with the MPD through hydrogen bonding, leading 
to stabilized AWC colloidal aggregates. When a larger amount of water was added to 1% HC6 in 
ethanol (to reach EtOH/H2O =1/6), we observed a decrease of the Dh of the AWC colloids from 
200 nm to 80 nm, and by adding a larger amount of MPD aqueous solution a further reduction of 
Dh is observed (from 70 nm to 60 nm). Therefore, we believe that during the IP synthesis, when a 
large amount of MPD aqueous solution is added, nanometer colloidal AWC is formed at the 
alcohol/water interface in the polysulfone pores.  

 

 

Fig. S1. The size distribution of AWC colloidal aggregates obtained in different conditions by DLS 
measurements: (a) The size distribution of hydrodynamic diameter (Dh) after the addition under 
vigorous stirring of pure water and 2 w/w% aqueous solution of MPD to 1% HC6 in ethanol to 
reach EtOH/H2O = 1/3 and EtOH/H2O+MPD =1/3; (b) The size distribution of Dh after the addition 
under vigorous stirring of pure water and 2 w/w% aqueous solution of MPD to 1% HC6 in ethanol 
to reach EtOH/H2O = 1/6 and EtOH/H2O+MPD =1/6.  

Attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) spectra 
were recorded on a NEXUS spectrometer. The ATR accessory contained a monolithic diamond 



crystal at a nominal angle of incidence of 45°, yielding 1 internal reflection at the sample surface. 
All spectra were recorded at 25 °C in the region 625-3500 cm−1. Elemental analysis of the active 
layers was conducted by energy dispersive X-ray spectroscopy (EDX) using an AZTEC System 
(Oxford Instruments, UK), at an accelerating voltage of 10 kV and a working distance of 8.5 mm. 
At least three spectra were captured at different positions to calculate an average atomic 
percentage of C, N, and O.  

 

Scanning electron microscopy (SEM). The incorporation of HC6 artificial water channels in 
polyamide layers was verified by a high-resolution scanning electron microscope (SEM, HITACHI 
S-4800), at an accelerating voltage of 2 kV. For cross-sectional studies, membrane coupons were 
prepared by freeze-fracturing in liquid nitrogen and then dried in dry air for at least 24 h. A 5-nm 
thick coating of chromium was sputtered (SC7620 Mini Sputter Coater, Quorum Technologies Ltd.) 
under Ar atmosphere (10−1 mbar) to achieve a minimum conductivity for reliable SEM information. 
The roughness of the membrane surfaces was investigated by atomic force microscopy (AFM) 
using a Nanoman, with Nanoscope5 instrument (Bruker Instruments). The tips were from 
Nanosensors, PPP NCSTR, with a nominal spring constant of 7 N/m and a typical radius of less 
than 5 nm. All images were acquired in tapping mode with a sampling resolution of at least 512 
pts/512 lines using a scan rate of 5.5 Hz for 5 µm² areas, and 0.65 Hz for smaller areas.  

 

Transmission Electronic Microscopy (TEM). The membranes were stained by immersion in 
1% zinc nitrate aqueous solution for 15 min, followed by rinsing in large amount of distilled water. 
Zinc salt stained more selectively the imidazole and amide groups in the polyamide layer. 
Membrane pieces were embedded in epoxy resin (EMbed812, Fisher Scientific), which was 
thermally cured overnight at 70 °C. Ultrathin sections (100 nm) were cut with an ultramicrotome 
(Leica EM UC7) and deposited on 200 mesh copper grids.  The TEM imaging was performed using 
a Titan CT microscope (FEI company) operating at 300 kV equipped with a 4k × 4k CCD camera 
(Gatan, Pleasanton, CA, USA). For HC6 imaging, a drop of solution (1.5 w/w% in ethanol/water 
85:15 v/v%) was deposited on carbon coated copper film, blotted with filter paper and let it dry in 
the lab atmosphere. 

 



 
Fig. S2. a) FTIR-ATR spectra of control TFC (blue), HC6 I-quartet (black) and bioinspired 

membranes (red) (1.8% w/w MPD and 1.5% w/w HC6). b) Atomic mass fraction of % C, N and O 
from EDX measurements: average values and standard deviations as determined from three 
different samples for each membrane. The results refer to control TFC membranes (white bar) and 
to bioinspired membranes (colored bars) containing the optimal concentration of 1.5% w/w HC6, 
with variable MPD concentrations of 0.2-1.8% w/w. 

 

 



 

 
Fig. S3. Representative SEM micrographs of the surface morphology of a) 2.0-HC6; b) 1.8-HC6; 
c) 1.6-HC6; d) 1.4-HC6; e) 1.2-HC6; f) 0.8-HC6; g) 0.4-HC6; and h) 0.2-HC6 bioinspired 
membranes prepared with different MPD concentrations during interfacial polymerization (IP). 
“HC6” stands for optimized precursor concentration (1.5% w/w) and the number before for the 
actual MPD concentration (% w/w) used during the IP reaction.  



 

Fig. S4. Representative SEM micrographs of surface top view of, a)-c), control TFC and, b)-d), 
HC6 bioinspired membrane, showing different morphology and diffused HC6 nanostructures. 

  



 

Fig. S5. Representative SEM micrographs of detailed surface top view of a) 1.2-HC6 and b) 0.8-
HC6 showing compact HC6 nanostructures. Cross-sectional view of c) 1.2-HC6 and d) 0.8-HC6 
showing the detailed distribution of diffused nanoparticles spanning the whole active layers. “HC6” 
stands for optimized precursor concentration (1.5% w/w) and the number before for the actual MPD 
concentration (% w/w) used during interfacial polymerization (IP). 

  



 

Fig. S6. Representative SEM micrographs of cross-sectional view of a) 0.4-HC6 and b) 0.2-HC6 
showing very thin and symmetric dense layers free of inner porosity; “HC6” stands for optimized 
precursor concentration (1.5% w/w) and the number before for the actual MPD concentration (% 
w/w) used during the interfacial polymerization reaction. c)-d) Details of nanoaggregates spill from 
the active layer observed on the surface of biomimetic membranes prepared with 
substoichiometric MPD concentration, indicating failing in suitable HC6 incorporation.  

 

  



 

Fig. S7. AFM measurements. a) Experimental and guide to the eye profiles of average and 
maximum roughness of membranes versus MPD concentrations in the casting solutions. The 
projection area scanned during the measurements was 5 µm × 5 µm. Representative AFM surface 
images with a projection area of 2 µm × 2 µm of b) 0.2-HC6, c) 0.4-HC6, d) 0.8-HC6, e) 1.2-HC6, 
and f) 1.8-HC6 membranes). 

 

  



Table S1. Concentrations of HC6 and MPD in the aqueous phase and TMC in the organic phase 
for the preparation of different membranes by interfacial polymerization. “H” and “L” stands for high 
(3.4% w/w) and low (2% w/w) MPD concentration in the aqueous phase   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

MEMBRANE 
HC6 MPD TMC 

w/w % w/w % w/w % 

control TFC - 3.4 0.1 

H-0.9 0.9 3.4 0.1 

H-1.3 1.3 3.4 0.1 

H-1.5 1.5 3.4 0.1 

H-1.8 1.8 3.4 0.1 

L-1.3 1.3 2.0 0.1 

L-1.5 1.5 2.0 0.1 

1.8-HC6 1.5 1.8 0.1 

1.6-HC6 1.5 1.6 0.1 

1.4-HC6 1.5 1.4 0.1 

1.2-HC6 1.5 1.2 0.1 

0.8-HC6 1.5 0.8 0.1 

0.4-HC6 1.5 0.4 0.1 

0.2-HC6 1.5 0.2 0.1 



Table S2. Energy-dispersive X-ray (EDX) spectroscopy of pristine PA and bioinspired reverse 
osmosis active layers prepared by varying the MPD monomeric concentration in the casting 
solutions used during interfacial polymerization (IP). “HC6” stands for optimized precursor 
concentration (1.5% w/w) and the number before for the actual MPD concentration (% w/w) used 
during the IP reaction. Atomic mass percentage of C, N, and O were obtained as the average mass 
fraction value from three different positions of each membrane sample.  

 

Membrane C (%) N (%) O (%) 

pristine PA 67.50 ± 0.1 3.50 ± 0.2 18.4 ± 0.10 

0.2-HC6 85.15 ± 0.2 0.83 ± 0.1 11.4 ± 0.10 

0.8-HC6 84.23 ± 0.2 1.54 ± 0.2 11.6 ± 0.01 

1.2-HC6 83.77 ± 0.3 2.01 ± 0.3 11.8 ± 0.08 

1.8-HC6 81.47 ± 0.3 4.93 ± 0.4 11.3 ± 0.19 

 

  



Table S3. Surface roughness parameters of bioinspired reverse osmosis membranes obtained by 
AFM measurements (projection area of the samples: 5 µm x 5 µm). 
 

Membrane AVG [nm] Max [nm] RMS [nm] 

0.2-HC6 44±2 155±45 56±8 

0.4-HC6 45±2 200±65 56±13 

0.8-HC6 53±2 147±43 55±6 

1.2-HC6 95±6 145±90 57±10 

 

  



Theoretical membrane performance evaluation.  

 

We have calculated the theoretical membrane permeability considering the theoretical values of 
single permeabilities of single channels and of sponge like structures of HC6 as reported in 
reference 17. The HC6-I4 single channel permeabilities are 3.8 x 106 molecules / s / channel for 
single channel and 5.25 x 107 molecules / s / channel for the sponge-like water channels.17  
 
Our results on AWC-PA membrane permeabilities are experimental and unquestionable.  
These calculations are performed just to support some discussion as the stability of the channels 
is clearly different as they a present in bilayer membranes or in crystalline lamellar structures 
confined within PA matrix.  We do not intent to prove anything in a definite or exactly mathematical 
way here.  
 
We note that the stability of the channels in bilayer is strongly dependent on the size of the tail,20 
while within the crystals the I-quartet pillars are almost similarly stabilized between lamellar 
hydrophobic phases that are not much altered in the solid state by the dimension of the tail.     

 
Assuming a 3.5 nm thickness (lipid bilayer) and 𝝅= 8.3 bar (200 mM NaCl) 
 

HC6-I4 single channel permeability: 3.8 × 106 H2O / s / channel 

From the single crystal structure I4 density:  3.3 × 1017 channels / m2  

The water flux (Jw) is: Jw = 1.25 ×  1024 H2O m−2s−1 = 136.8 Lm−2h−1 
Water permeability: 𝐖𝐏 = 𝟏𝟔. 𝟒𝟖 𝐋𝐦−𝟐𝐡−𝟏𝐛𝐚𝐫−𝟏 
 
HC6-I4 sponge like channel permeability: 5.25 × 107 H2O / s / channel 

From the single crystal structure I4 density:  3.3 × 1017 channels / m2  

The water flux (Jw) is: Jw = 1.73 ×  1025 H2O m−2s−1 = 1890 Lm−2h−1 
Water permeability: 𝐖𝐏 = 𝟐𝟐𝟕 𝐋𝐦−𝟐𝐡−𝟏𝐛𝐚𝐫−𝟏 
 
In the same way we can calculate the water permeation rate assuming a 20-40 nm thickness 
(crystal) and 𝝅= 1.68 bar (34 mM NaCl, same as during the experiments) 
 

HC6-I4 single channel permeability: 3.8 × 106 H2O / s / channel 

From the single crystal structure I4 density:  3.3 × 1017 channels / m2  

The water flux (Jw) is: Jw = 1.46 ×  1023 H2O m−2s−1 = 15.96 Lm−2h−1 
Water permeability: 𝐖𝐏 = 𝟗.𝟓 𝐋𝐦−𝟐𝐡−𝟏𝐛𝐚𝐫−𝟏 
 
HC6-I4 sponge like channel permeability: 5.25 × 107 H2O / s / channel 

From the single crystal structure I4 density:  3.3 × 1017 channels / m2  

The water flux (Jw) is: Jw = 2.02 ×  1024 H2O m−2s−1 = 220 Lm−2h−1 
Water permeability: 𝐖𝐏 = 𝟏𝟑𝟏 𝐋𝐦−𝟐𝐡−𝟏𝐛𝐚𝐫−𝟏 
 
These values are superior to those observed with conventional BWRO membranes (1-8 L·m−2 

h−1bar−1)11, usually operated at slightly higher 15-18 bars and for higher saline concentrations.  

  



Intrinsic transport properties of control TFC and bioinspired membranes were evaluated using a 
laboratory-scale cross-flow unit, comprising a high-pressure pump, a feed vessel, and a flat 
membrane housing cell. The effective membrane active area was 28.9 cm2, the crossflow velocity 
was fixed at 0.9 m/s, and the temperature was constant at 25 ± 0.5 °C. Prior to each experiment, 
the membrane was immersed in water overnight. Two sets of filtration tests were conducted, 
referred to as “brackish water” and “tap water” tests. The membranes were compacted with DI 
water as feed at 18 bar (261 psi) of applied pressure, ΔP, until the permeate flux reached a steady-
state. The pressure was then lowered to 15.5 bar (217 psi) or 6 bar (87 psi) for brackish water and 
tap water tests, respectively.  

 

The pure water flux, Jw,0, was calculated by dividing the volumetric permeate rate, obtained at 
steady-state, by the membrane active area. The pure water permeability coefficient, A, was 
determined by dividing the water flux, Jw,0, by the applied pressure, 

 

𝐴 =
𝐽𝑤,0

𝛥𝑃
⁄ . 

 

 

Subsequently, for brackish water tests, NaCl was added from a 5 M stock solution to reach a final 
concentration of 100 mM, and salt concentrations in the feed and permeate streams were 
measured using a calibrated conductivity meter (pHenomenal® CO 3100 H, VWR Instruments). 
The rejection was always measured at steady state (more than one hour after steady state was 
reached and within this time the selectivity always increased of few decimals). Therefore, the 
rejection was always constant in time; three separate rejection measurements were performed, 
distanced 30-60 min from each other In the tap water tests, real tap water was taken from the 
European Institute of Membranes (IEM) and used as feed stream; salt concentrations were 
determined by both ion chromatography and conductivity measurements. Upon reaching steady-
state, the permeate flux, Jw, was calculated by dividing the volumetric permeate rate by the 
membrane area. Observed rejection, R, was then computed from the concentrations determined 
in bulk feed, cf, and in the permeate stream, cp, for each ionic species or for global salinity (using 
conductivity as a proxy for salinity): 

 

𝑅 = 1 −
𝑐𝑝

𝑐𝑓⁄ . 

 

The rejection values reported for each sample are the average of three different measurements.  

The solute permeability coefficient, B, was computed by taking into account the external 
concentration polarization, as: 

 

𝐵 = 𝐽𝑤 (
1−𝑅

𝑅
) 𝑒

(−
𝐽𝑤
𝑘
)
, 

 

where k is the mass transfer coefficient of the cross-flow cell.  

  



Table S4. TWRO performances of bioinspired active layers; experimental conditions: 6 bar of 
applied pressure and 25 °C; pure water as feed solution for the measurement of the water 
permeance A; real tap water from the European Institute of Membranes (IEM) for the measurement 
of the permeate flux with complex real solution; conductivity measurements for the evaluation of 
the observed global rejection; ionic chromatography measurements for the estimation of the 
bivalent Ca+2 rejection. “HC6” stands for optimized precursor concentration (1.5% w/w) and the 
number before for the actual MPD concentration (% w/w) used during the interfacial polymerization.  
 
 

Membrane A Water Flux 

Salt Rejection Ca+2 Rejection 

Conductivity 
measurements 

Ionic chromatography 

Type LMH/bar LMH % % 

2.0-HC6  3.90 24.0 98.94 99.2 

1.8-HC6 4.90 29.1 98.38 98.7 

1.6-HC6 5.60 31.3 97.54 98.0 

1.4-HC6 5.70 31.3 98.62 99.0 

1.2-HC6 6.50 34.6 97.60 98.7 

0.8-HC6 6.60 35.1 97.70 97.9 

 

  



 
Table S5. Ionic chromatography measurements of ionic concentrations (ppm) of both feed and 

permeate samples to evaluate the specific ionic separation performances of bioinspired active 
layers for TWRO desalination. Real tap water was taken from the European Institute of Membranes 
(IEM) and used as feed stream. The membranes presented in this study were selected because of 
their higher water flux obtained at an applied pressure of 6 bar, values that are comparable or 
slightly higher compared to marketed state-of-the-art tap water reverse osmosis membranes, such 
as TW30 (DuPont). “HC6” stands for optimized precursor concentration (1.5% w/w) and the number 
before for the actual MPD concentration (% w/w) used during the interfacial polymerization.  

 

Ionic Chromatography - Concentrations feed and permeate (ppm) - Real Tap Water 

Membrane Sodium Potassium Magnesium Calcium Chloride Chlorate Sulfate Bicarbonate Sample 

Type ppm ppm ppm ppm ppm ppm ppm ppm - 

0.8-HC6 (1) 

275.22 0.32 1.56 26.17 264.59 2.68 18.43 339 Feed 

5.46 0.07 - 0.51 4.07 0.08 0.84 8 Permeate 

0.8-HC6 (2) 

172.02 0.41 1.91 29.99 79.95 3.2 20.91 393 Feed 

6.56 0.2 - 0.65 3.32 0.09 0.94 13 Permeate 

0.8-HC6 (3) 

185.56 0.36 1.76 29.25 98.57 3.12 21.23 394.00 Feed 

5.39 0.07 - 0.73 2.08 0.10 0.90 12 Permeate 

1.2-HC6 (1) 

137.53 1.19 7.98 91.98 209.39 2.18 19.31 301 Feed 

4.93 0.05 0.08 1.05 3.78 0.08 0.89 9 Permeate 

1.2-HC6 (2) 

248.05 1.08 9.47 116.72 418.88 2.81 19.35 316 Feed 

9.16 0.1 0.13 1.78 11.11 0.12 0.94 10 Permeate 

1.4-HC6 (1) 

54.45 1.35 16.91 211.76 274.78 - 24.37 367 Feed 

3.91 0.15 0.23 2.78 6.02 - 0.91 9 Permeate 

1.4-HC6 (2) 

54.45 1.35 16.91 211.76 274.78 - 24.37 367 Feed 

3 0.14 0.16 1.94 2.72 - 1.04 9 Permeate 

1.4-HC6 (3) 

28.71 2.03 8.81 128.58 64.26 - 3.50 394 Feed 

2.21 0.18 0.09 1.04 0.90 - 0.09 8 Permeate 

 

 
 
 
 
 
 



Table S6. Ionic chromatography measurements to evaluate the specific ionic rejection 
performances of bioinspired active layers for TWRO desalination. Real tap water was taken from 
the European Institute of Membranes (IEM) and used as feed stream. The membranes presented 
in this study were selected because of their higher water flux obtained at an applied pressure of 6 
bar, values that are comparable or slightly higher compared to marketed state-of-the-art tap water 
reverse osmosis membranes, such as TW30 (DuPont). “HC6” stands for optimized precursor 
concentration (1.5% w/w) and the number before for the actual MPD concentration (% w/w) used 
during the interfacial polymerization.  

 

Ionic Chromatography - Rejection Average and Standard Deviation – TWRO, 𝛥P = 6 bar 

Membrane Sodium Potassium Magnesium Calcium Chloride Chlorate Sulfate Bicarbonate 

Type % % % % % % % % 

1.4-HC6  93.20 ± 1.14 89.88 ± 1.14 98.89 ± 0.22 98.99 ± 0.26 98.47 ± 0.61 - 96.48 ± 0.87 97.76 ± 0.18 

1.2-HC6 96.36 ± 0.08 93.27 ± 3.58 98.81 ± 0.26 98.67 ± 0.27 97.77 ± 0.60 96.03 ± 0.42 95.27 ± 0.18 96.92 ± 0.12 

0.8-HC6 97.10 ± 0.91 79.34 ± 1.72 99.50 ± 0.23 97.80 ± 0.28 97.40 ± 1.37 97.00 ± 0.20 95.57 ± 0.17 97.10 ± 0.49 

 

 

  



Protocol for high-recovery experiment 

The membranes were compacted at 17 bar until steady-state flux was measured. The pressure 
was lowered to 15.5 bar and NaCl was added into the feed solution to reach a concentration of 34 
mM (2 g/L). The system was thus opened (the permeate stream was not recirculated into the feed 
tank but collected separately), and the flux constantly monitored until a recovery rate of 75% was 
obtained. The observed rejection was determined by measuring the conductivity of the feed and 
the permeate streams throughout the test. 

 

 
Figure S8. High-recovery filtration experiment, showing (open circles, left axis) the measured flux 
and (solid circles, right axis) the measured observed rejection as a function of recovery rate. The 
test was conducted at an applied pressure of 15.5 bar, and feed solutions with the following 
composition: 34 mM NaCl, pH 7 ± 0.4 (0.1 mM NaHCO3). The crossflow velocity was set at 0.3 
m/s, and the temperature was constant at 25 ± 0.5 °C. At 75% recovery, the total permeate had a 
concentration of 36 mg/L (equivalent to an overall system rejection of 98.2%). The average flux at 
the end of the test was 36.4 LMH. 

 
  



Protocol for fouling experiment 

The membranes were compacted at 17 bar until steady-state flux was measured. The pressure 
was lowered to 15.5 bar and NaCl was added into the feed solution to reach a concentration of 34 
mM (2 g/L). At steady-state and in closed-loop mode (the permeate stream recirculated into the 
feed tank), the observed rejection was determined by measuring the conductivity of the feed and 
the permeate streams three times at intervals of roughly 30 min between each sampling, resulting 
in values of 99.20 ± 0.04 % and 98.07 ± 0.02 % for the biomimetic membrane and the XLE 
membrane, respectively. Subsequently, CaCl2, alginate, and BSA were added into the feed solution 
and the applied pressure was adjusted for each membrane to obtain an initial flux of 42 ± 2 L m−2h−1 
and to initiate the accelerated fouling test, which was carried out for approximately 18 h.  

 

 

Figure S9. Flux decline due to organic fouling measured with (orange circles) XLE, a commercial 
brackish water desalination membrane, and with (blue squares) biomimetic 1.8-HC6. The fouling 
tests were conducted with an initial flux of 42 ± 2 L m−2h−1, and feed solutions with the following 
composition: 34 mM NaCl, 2 mM CaCl2, 50 mg/L alginate, 100 mg/L bovine serum albumin, pH 7 
± 0.4 (0.1 mM NaHCO3). The crossflow velocity was set at 0.3 m/s, and the temperature was 
constant at 25 ± 0.5 °C. The applied pressure was 15.5 bar for the biomimetic membrane and 11 
bar for the commercial XLE membrane. 

 

 


