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1. Membrane fabrication 

 

Table S1. Reaction conditions of IP reaction of TA and priamine 

No. 
TA / DI water Priamine / p-cymene 

Conc. (mmol/v%) Immersion time (min) Conc. (mmol/v%) Reaction time (min) 
TP-1 

1 

5 

3 

0.5 
TP-2 1 
TP-3 2 
TP-4 3 
TP-5 5 
TP-6 0.1 

5 

TP-7 0.5 
TP-8 1 
TP-9 5 

TP-10 0.01 

0.1 
TP-11 0.05 
TP-12 0.1 
TP-13 0.5 
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2. Membrane support characterization 

 

Fig. S1. (a) Surface SEM image and (b) corresponding black/white image of PET support. The surface porosity 

(black dot, 72%) was calculated from the ImageJ software. 
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3. The reaction mechanism of Schiff’s base and Michael addition reactions 

First, the pyrogallol groups of TA could lead to the formation of the highly reactive ortho-quinone 

and -hydroxyl-ortho-quinone under weak base conditions. The reactive quinone derivatives 

could rapidly react with amine groups, which allows to form the covalent bonds of both imine 

(C=N) and amine (CNH) by the Schiff’s base and Michael addition reaction, respectively 

(Fig. S2). 

 

 

Fig. S2. Reaction mechanism between pyrogallol groups of TA and amine groups of priamine. 
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4. Membrane characterization 

 

 

 

Fig. S3. ATR FT-IR spectra of the PET support and the green TFC membrane prepared from TA concentration (0.1 

mmol/v%) and priamine concentration (0.1 mmol/v%). 
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Fig. S4. Surface and cross-sectional SEM images of PET support and the green TFC membranes prepared with 

different reaction times. 

 

 

 

Fig. S5. AFM images of PET support and the green TFC membranes prepared with different reaction times. 
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Fig. S6. Surface and cross-sectional SEM images of the green TFC membranes prepared with different Priamine 

concentrations. 

 

 

Fig. S7. AFM images of the green TFC membranes prepared with different Priamine concentrations. 
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Fig. S8. Surface and cross-sectional SEM images of the green TFC membranes prepared with different TA 

concentrations. 

 

 

 

Fig. S9.  AFM images of the green TFC membranes prepared with different TA concentrations. 
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Fig. S10. Surface SEM images of the green TFC membrane prepared from TA concentration (0.1 mmol/v%) and 

priamine concentration (0.1 mmol/v%) after immersing in each solvent at room temperature for 48 h. 
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5. Solvent permeance and MWCO correlation analysis  

Table S2. Physical properties of acetone 

Solvent 
MW 

(Da) 

dm    

(nm) 
  

(mPa.s) 

Vm      (cm3 

mol-1) 

Density 

(g mL-1) 
d 

(MPa0.5) 

p 

(MPa0.5) 

h 

(MPa0.5) 

t 

(MPa0.5) 

Acetone 58.08 0.308 0.316 74.166 0.784 15.5 10.4 7.0 19.9 

 

Solvent permeance can be correlated to its physical properties, as suggested by Livingston et al. The solute diameter 

was obtained using the following equation. 

dm  = 2  (
3Vm

4NA
)1/3                                                                          Eq. S1 

where Vm is the molar volume calculated from solvent density, and NA is the Avogardo’s number. To correlate the 

MWCO data with pore size distribution, the styrene rejection values were used as input data into the pore flow model. 

The Hagen–Poiseuille equation describes the volumetric flux (Jv) through a membrane comprising uniform capillaries: 

Jv,i = 
ri
2P

80l
                                                                                     Eq. S2 

where  is porosity, ΔP is transmembrane pressure, l is capillary length, 0 is solvent bulk viscosity, and ri is capillary 

radius. Next, the pore flow rate (Qp,i) allows for calculations of the flow through a pore with radius ri : 

Qp,i = 
ri

4P

80l
                                                                                 Eq. S3 

The overall solute rejection can be calculated using the following set of equations: 

Rij = 1-
ijKc,ij

1  (1  ijKc,ij)(exp(Pe,ij)
                                                                       Eq. S4  

where Φij is a partition coefficient, and λij is a ratio between the solute radius rs,j (sub-index for a solute is j) and pore 

radius ri (sub-index for a pore-size-class in the discrete method is i): 

ij = (1  ij)2                                                                                Eq. S5 

ij = 
rs,j

ri
                                                                                    Eq. S6 

therefore, it is assumed that the steric behaviour between the solute and pore wall occurs. Then, the 

solute convective Kc,ij and diffusive Kd,ij hindrance factors are expressed as following: 

Kc,ij = (2  ij)(1 + 0.054ij  0.988ij
2 + 0.44ij

3)                                                     Eq. S7 

Kd,ij = 1  2.3ij + 1.154ij
2 + 0.224ij

3                                                              Eq. S8 

The Peclet number (Pe,ij) characterizing the pore flow is defined as: 
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Pe,ij = 
Kc,ij

Kd,ijDs,j
(

ri
2P

8p,i

)                                                                                   Eq. S9 

Diffusivity Ds,ij of a solute with the radius rs,j is calculated using the Stokes–Einstein equation: 

Ds,ij = 
kT

6p,irs,j
                                                                                       Eq. S10 

where k is the Boltzmann constant and T is temperature. To solve the above equation, the Wilke– 

Chang formula can be used to estimate the solute diffusivity: 

Ds,ij = 7.4  10-8 
T√𝑀𝑠𝑜𝑙𝑣

p,iVm,j
0.6                                                                                                             Eq. S11 

where Msolv is the molecular weight (MW) of the solvent molecule,  is a dimensionless solvent 

parameter and Vm,j is the solute molar volume (in cm3 g mol-1). 

If rejection R(r) is a continuous function of the pore radius r, PDF fR(r) is introduced to describe the 

pore size distribution: 

f(r) = 
1

r√2b
exp [

( log(
r

r*
)+

b

2
)
2

2b
]                                                                                  Eq. 12 

b = log[1+(


r*
)
2
]                                                                                               Eq. 13 

‘To calculate the function f(r), the mean pore radius (r*) and the standard deviation () need to be 

estimated. For simplification, the distribution function is truncated to rmax: 

f
'
R

(r)

fR(r)
= 

1

∫ fR(r)dr
rmax
0

                                                                                         Eq. 14 

The overall rejection over the pore radii 0 < r < rmax can now be calculated using the following 

expression: 

Rj = 
∫

f
'
R(r)r4R(r)

(r)dr

rmax
0

∫
f
'
R(r)r4

(r)dr

rmax
0

                                                                                              Eq. 15 

Implementing the above models, the mean pore size and the standard deviation can be fitted by 

minimizing the error. 

 



S12 

 

    

Fig. S11.  Pore size of green TFC membranes prepared with different priamine concentration at TA concentration 

(1.0 mmol/v%) and reaction time (5 min). Note that the pore diameter distribution was found to be identical, hence 

all the curves overlap. 
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6. Molecular weight cut off (MWCO) 

 

Fig. S12. Molecular weight cut off of green TFC membranes prepared with different (a) reaction times, (b) priamine 

concentrations and (c) TA concentrations. Note that reaction times less than 3 min did not provide MWCO values 

because the rejections were lower than 90% (see Fig. 3d). 
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7. Solvent properties 

 

Table. S3. Hansen solubility parameter and the physical properties of the organic solvent used in this study 

Solvent Molar diameter 
(d

m
, nm) 

Viscosity (, cP) 
at 25 C  

*Hansen solubility 

parameter (MPa
1/2

) 


p,s
 

s

-1
 d

m,s

-2 


p 
(intermolecular force) 

Heptane 0.78 0.37 0 0 

Toluene 0.70 0.55 1.4 4.843 

Ethanol 0.57 1.22 8.8 21.327 

Methyl ethyl 

ketone 0.66 0.40 9.0 50.393 

Acetone 0.62 0.30 10.4 84.547 

Acetonitrile 0.55 0.34 18.0 160.822 
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8. Membrane performance 

 

Table S4. Summary of performance for TFC membranes 

No. Sample Name Solvent 
Permeance 

(L m-2 h-1 bar-1) 

Styrene dimer 

(235 g mol-1) 

rejection 

Pressure 
(bar) 

Temp. 

(C) 
Reference 

1 

General TFC 

Toluene 

0.3 96 

30 30 [1] 

General ISA (SM122) 0.6 88 

Hyphob(1)-TFC-Fa 1.7 97 

Hyphob(1)-TFC-Si 1.2 97 

Hyphob(1)-TFC-Fb 0.3 90 

Hyphob(2)-TFC-SI 3.83 20 

Hyphob(2)-TFC 2.85 42 

Hyphob(2)-TFC-F 3.63 28 

S380 3.8 64 

2 
Hyphob-TFC-xP84-PEG 1.7 97 

30 30 [2] 
Hyphob-TFC-PEEK-PEG 2 98 

3 TFC-MPD 0.1 97 30  [3] 

4 

TFN-nanoparticle (300)-M8 0.67 95 

30 27 [4] S122 0.67 88 

Puramem 280 0.67 86 

S380 3.9 64 

5 starmem 240 0.7 33 30 30 [5] 

6 (Catechol/POSS)/PI 3.6 - 5 RT [6] 

7 O-PASS 2.6 - 6 25 [7] 

8 PAN/PEI–Si-X 0.35 - 10 RT [8] 

9 
Crumpled nanofilm                   

(MPD-3%-1min) 
0.3 - 10 30 [9] 

10 Crumpled β-CD 1.5 - 10 RT [10] 

11 
PAN/PEI-TMC 

n-Heptane 

1.9 45   

[11] 

PAN/PEI-TMC-PDMS 0.5 50   

12 PIM-1 4.2 73 10 30 [5] 

13 PIM-1 fi lm on PAN 4.6 - 13~15 30 [12] 

14 O-PASS 2.4 - 6 25 [7] 

15 
Crumpled nanofilm                  
(MPD-3%-1min) 

0.5 - 10 30 [9] 
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9. Sustainability analysis 

 

Table S5. Total mole number of the petroleum-based monomers 

No. Monomer & Additive 
Mole number 

(mmol) 

Total mole 

number 

(mmol) 

Application Reference 

0 
Tannic acid 

Priamine 

0.1 

0.1 
0.2 OSN This work 

1 
Resorcinol 

Trimesoyl chloride 

19 

0.8 
19.8 OSN [13] 

2 

m-Penylenediamine 

Trimesoyl chloride  

Sodium dodecyl sulfate 

Triethylamine 

19 

0.4 

0.4 

20 

39.8 FO [14] 

3 
m-Penylenediamine 

Trimesoyl chloride 

14 

0.2 
14.2 RO [15] 

4 
m-Penylenediamine 

Trimesoyl chloride 

37 

3.8 
40.8 RO [16] 

5 
m-Penylenediamine 

Trimesoyl chloride 

19 

0.4 
19.4 OSN [3] 

6 

Piperazine 

3,3’5,5’-iphenyl tetraacyl chloride 

Sodium hydroxide 

Sodium dodecyl sulfate 

6 

0.3 

3 

0.2 

9.5 NF [17] 

7 
Piperazine 

Trimesoyl chloride 

24 

0.8 
24.8 NF [18] 

8 

Piperazine 

Trimesoyl chloride 

N-aminoethyl Piperazine Propane 

Sulfonate 

4 

0.8 

4.2 

 

9 NF [19] 

9 

m-Penylenediamine 

Trimesoyl chloride  

Dimethyl sulfoxide 

Triethylamine 

Camphorsulfonic acid 

19 

0.4 

26 

11 

10 

66.4 RO [20] 

10 

m-Penylenediamine 

Trimesoyl chloride  

Triethylamine 

Sodium dodecyl sulfate 

19 

0.4 

24 

1.7 

45.1 NF [21] 

11 
Polyethyleneimine 

Trimesoyl chloride 

84.4 

2.6 
87.0 NF [22] 

12 
Polyethyleneimine 

Isophthaloyl dichloride 

23.5 

0.5 
24.0 OSN [23] 

13 
Piperazine 

Trimesoyl chloride 

2.3 

0.8 
3.1 NF [24] 

14 
Piperazine 

Trimesoyl chloride 

23.2 

0.8 
24 NF [25] 

15 
m-Penylenediamine 

Trimesoyl chloride 

33.6 

0.6 
34.2 OSN [26] 
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16 
m-Penylenediamine 

Trimesoyl chloride 

18.9 

0.4 
19.3 OSN [27] 

17 
m-Penylenediamine 

Trimesoyl chloride 

11.6 

0.4 
12 OSN [28] 

18 
m-Penylenediamine 

Trimesoyl chloride 

18.5 

0.4 
18.9 OSN [29] 

19 
m-Penylenediamine 

Trimesoyl chloride 

18.5 

0.4 
18.9 OSN [1] 

20 

Polyethyleneimine 

Isophthaloyl dichloride 

Ehylenediamine 

23.5 

0.5 

33.9 

57.9 OSN [30] 

21 
Resorcinol 

Trimesoyl chloride 

19 

0.8 
19.8 OSN [31] 

22 

m-Penylenediamine 

Trimesoyl chloride 

Sodium dodecyl sulfate   

Triethylamine 

19 

0.4 

0.4 

20 

39.8 OSN [32] 

23 
m-Penylenediamine 

Trimesoyl chloride 

14 

0.2 
14.2 OSN [33] 

24 
m-Penylenediamine 

Trimesoyl chloride 

37 

3.8 
40.8 OSN [34] 

25 
m-Penylenediamine 

Trimesoyl chloride 

19 

0.4 
19.4 OSN [35] 
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Table S6. Chemical hazard and toxicity of the petroleum-based monomers for TFC membranes 
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Table S7. Total mole number of the plant-based monomers 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Monomer & Additive 
Mole number 

(mmol) 

Total mole 

number (mmol) 
Application Reference 

0 
Tannic acid 

Priamine 

0.1 

0.1 
0.2 OSN This work 

1 
Tannic acid 

Cyclohexane-1,4-diamine  

0.06 

2.19 
2.25 NF [36] 

2 
Tannic acid 

Terephtaloyl chloride 

0.06 

0.49 
0.55 OSN [37] 

3 
Catechol 

m-Phenylenediamine 

0.91 

0.92 
1.83 - [38] 

4 
Tannic acid 

Trimesoyl chloride 

0.04 

0.03 
0.07 NF [39] 

5 

Quercetin 

Sodium hydroxide 

Terephtaloyl chloride 

6.62 

20 

0.99 

27.61 OSN [40] 

6 
Tannic acid 

Polyethyleneimine 

0.04 

4.65 
4.69 NF [41] 

7 
Morin hydrate 

Terephtaloyl chloride 

6.75 

0.99 
7.74 OSN [42] 

8 

Catechin 

Sodium hydroxide 

Terephtaloyl chloride 

6.89 

20 

0.2 

27.09 OSN [43] 

9 
-cyclodextrin 

Sodium hydroxide 

Trimesoyl chloride 

2.06 

12.35 

0.75 

15.16 OSN [44] 
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Table S8. Chemical hazard and toxicity of the plant-based monomers for TFC membranes.  
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Table S9. Comparison of chemical consumption for the fabrication of TFC membrane  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. 
Monomer  

& Additive 

Solvent 

consumption 

(L m-2)  

Monomer 

 consumption  

(mmol  m-2) 

Type Reference 

0 
Tannic acid 

Priamine 
4 40 Green This work 

1 

Tannic acid 

Cyclohexane-1,4-

diamine 

4.9 110 Green [36] 

2 

Catechin 

Sodium hydroxide 

Terephtaloyl 

chloride 

6.1 1658 Green [43] 

3 
m-Penylenediamine 

Trimesoyl chloride 
6.7 1226 Petroleum [45] 
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