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Fig. S1 Digital photos of membrane holder for membrane modification in this work

The membrane holder used in this work can be also used for interfacial 
polymerization. This simple device includes a supporter (to avoid contact with the 
solution), a seal (o-ring, to avoid solution leakage), a clamp with a screw (to fix 
membrane onto the holder) and a ring wall (to be a container). The PDA solution will 
be poured in this device with a fixed membrane; the bottom side of membrane cannot 
contact with the solution. Afterwards, the holder will be shaken for a while, followed 
by a static condition to let it self-polymerize and settle down onto the membrane 
surface. For co-deposition, the preparation process is similar with one-step route.

Fig. S2 Photo images of the pristine and modified membranes.
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Table S1 Surface modification parameters corresponding to the assigned membranes. The two-
step deposition membranes were first modified with PDA, then rinsed with DI water, and 

subsequently functionalized with CuNPs.

Membrane
PDA deposition time 

(h)
CuNP deposition time 

(h)
Co-deposition time 

(h)
PDA-HPAN-1 0.5 - -
PDA-HPAN-2 6 - -
CuNP-HPAN - 24 -

NF-1 0.33 24 -
NF-2 0.5 12 -
NF-3 0.5 18 -
NF-4 0.5 24 -

Co-NF-1 - - 1.5
Co-NF-2 - - 3
Co-NF-3 - - 6
Co-NF-4 - - 12
Co-NF-5 - - 24
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Fig. S3 Surface SEM images of pristine and modified membranes in different magnifications: (a, b) 
PAN, (c, d) CuNP-HPAN, (e, f) PDA-HPAN-1, and (g, h) PDA-HPAN-2.
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Fig. S4 The elemental analysis of pristine PAN and Co-NF-3 membrane surfaces using EDX and 
EDS.

Fig. S5 EDX mapping of the Co-NF-1 membrane.
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Table S2 Performance of nanofiltration membranes throughout literature and in this work in the 
separation of dyes and salts.

Notes: a PWP denotes pure water permeability; b CMCNa denotes sodium carboxymethyl 

Membrane Dye
Dye 

retention (%)
PWPa

(LMH bar-1)
Salt rejection

(%)
Ref.

Methyl blue
(799.8 Da)

99.6
CMCNab/PPc

NF Congo red
(696.7 Da)

99.8
10.8

NaCl (0.5 g L-1): 
28.8

Na2SO4 (0.5 g L-1): 
85.5

1

Polypiperazine-
amide NF

Reactive black 5
(991.8 Da)

99.3 ~7.0
NaCl (1 g L-1): 66.4
Na2SO4 (0.5 g L-1): 

98.5
2

Polyvinylamine-
TMCd NF

Methyl blue
(799.8 Da)

98.9 8.5
NaCl (0.5 g L-1): 

61.6
3

Reactive black 5
(991.8 Da)

95.0
mHTe/PES

Reactive red 49
(576.5 Da)

90.0
6.3

NaCl (0.5 g L−1): 
~8.0

4

Congo red
(696.7 Da)

99.96
Sepro NF 2A

Direct red 23
(813.72 Da)

99.95
10.5

NaCl (0.5 g L−1):
25.9

5

Congo red
(696.7 Da)

99.93
Sepro NF 6

Direct red 23
(813.72 Da)

99.8
13.7

NaCl (0.5 g L−1):
10.7

5

UTC-60
Reactive blue 2

(774.2 Da)
99.9 ~ 10.0

NaCl (0.6 g L−1):
30.1

6

Reactive black 5
(991.8 Da)

99.2
GO-PSBMAf/PES

Reactive red 49
(576.5 Da)

97.2
~11.98

NaCl (0.5 g L-1): 
~4.0

Na2SO4 (0.5 g L-1): 
~10.0

7

Direct red 23
(813.72 Da)

99.5

Congo red
(696.7 Da)

99.4Co-NF-2

Reactive blue 2
(774.2 Da)

99.0

~18.2

NaCl (0.5 g L-1): 
3.3

Na2SO4 (0.5 g L-1): 
25.2

This
work
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cellulose; c PP denotes polypropylene; d TMC denotes trimesoyl chloride; e mHT denotes 
modified hydrotalcite with poly(ionic liquid); f GO-PSBMA denotes graphene oxide modified with 
poly(sulfobetaine methacrylate).
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