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Figure S1 presents the size distribution of AMXene particle by analyzing SEM images using 

a “Image-J” software 1.
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Fig S1. Size distribution of the AMXene particle.
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Fig S2. Cross-section SEM image of PVDF-MXene substrate.
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Fig S3. Surface SEM images of the PVDF-AMXene membrane.
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Fig S4. ATR-FTIR spectra of TFC and TFN membranes.
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Fig S5. XPS spectra of TFC, TFN-MXene, and TFN-AMXene membranes.



0 1 2 3 4 5 6

0

1

2

3

4

5

Pore size in radius, rp(nm)

  TFC
 TFN-MXene
  TFN-AMXene

Pr
ob

ab
ili

ty
 d

en
sit

y 
fu

nc
tio

n 
(n

m
-1

)

Fig S6. Pore size distributions of TFC, TFN-MXene, and TFN-AMXene membranes.

Membrane molecular weight cut off (MWCO) was calculated by using total organic 

carbon (TOC) analyzer (Shimadzu Corporation, Japan) to measure 200ppm PEG rejection. 

The molecule weights of PEGs used in this work were 200, 400, 600, 800, 1000, 6000, 10000, 

20000, 70000, 100000 g mol-1, respectively.

The membrane mean pore size and pore size distribution characterization were based on 

previous work2, 3. The relationship between solute rejection and diameter can be described by 

the Eq (S1):
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and RT is the solute rejection, rs represents the solution radius. μs is the geometric mean radius 

of solute at RT = 50%, σg is the geometric standard deviation of μs, which defined as the ratio 

of the solute radius at RT = 84.13% and RT = 50%. In the log-normal probability graph, the 



relationship between RT and rs can be described in a lineal formation:

                                                 (S3)(R ) lnT sF A B r 

without regard to the hydrodynamic and steric hindrance between membrane pores and solute, 

μp (the mean effective pore radius) and σp (the standard deviation) can be substituted as the μs 

and θg. Therefore, based on the previous data, the pore size distribution is determined by the 

Eq (S4):
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where dp is the pore size in diameter.

The Stokes radii (m) of PEG were calculated based on the following Eq (S5):

                                          (S5)12 0.55716.73 10sr MW  

where rs represents the corresponding stokes radii of the PEGs and MW (g mol-1) is the 

molecular weight of the PEGs.
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Fig S7. XRD pattern of TFC and TFN membranes.
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Fig S8. Thicknesses measured by cross-sectional AFM height scanning of a PA layer from 

(a) TFC, (b) TFN-MXene, and (c) TFN-AMXene membranes.

The TFC or TFN membrane was immersed into a DMF solution to dissolve the substrate 

and obtain a free polyamide layer, which was further immersed in a water solution and further 

transferred to a silica wafer. Then the silica wafer supported PA layer was dried and measured 

by cross-sectional AFM height scanning.
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Fig S9. Water contact angles of different membranes.
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Fig S10. Zeta potentials of different membranes.



10μm

(a) (b)

(c) (d)

(e)

0.000 0.022

0.045 0.090

0.180

10μm

10μm 10μm

10μm

Fig S11. Surface SEM images of TFN-AMXene with different among of AMXene loading 
(mg/cm2).
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Fig S12. The effect of MXene loading on the separation performance of the TFN-MXene 

membrane.
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Fig S13. Surface SEM images of PVDF-MXene substrates (a-f) and the corresponding TFN-
MXene (a'-f') prepared at different among of MXene loading (mg/cm2).
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Fig S14. The performance of TFN-AMXene membrane under different cross-flow velocity



Fig S15. (a)-(c) Surface SEM images of the TFN-AMXene membrane after 2h filtration 

under 600, 800, 1000ml/min respectively.
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Fig S16. XRD patterns of TFN-AMXene membrane before and after filtration under 

1000ml/min cross-flow velocity.



Table S1. Interlayer spacing of particles and membranes based on XRD results.

2θ (o) Interlayer 

spacing (nm)

2θ (o) Interlayer 

spacing (nm)

MXene 6.8 1.29 AMXene 6.6 1.33

PVDF-MXene 6.3 1.40 PVDF-AMXene 6.6 1.33

TFN-MXene 6.3 1.40 TFN-AMXene 6.6 1.33

The interlayer spacing was determined from Bragg’s law4: 

2d sinθ = nλ                                                  (S6)

where d is the crystal planar interlayer spacing (nm), θ is the X-ray beam incident angle, n is 

a positive integer (n = 1), and λ is the wavelength of the incident wave (λ = 0.154 nm).



Table S2. Elemental composition, O/N ratio and degree of cross-linking of TFC and TFN 

membranes

Atomic concentration (%)Membrane

C N O Ti F

O/N ratio Degree of cross-

linking (%)

TFC 69.94 14.10 15.96 / / 1.13 81.69

TFN-MXene 67.68 13.27 16.02 1.59 1.44 1.20 / a

TFN-AMXene 70.70 14.11 15.19 / / 1.07 89.04

a The cross-linking of the TFN-MXene membrane cannot be obtained since the MXene flakes 

also contain O element.

The cross-linking degree of polyamide can be calculated by the Eq S75:

Degree of cross-linking (%) =                              (S7)×100m
m n

where m and n are the cross-linked and linear parts of the PA layer. The values of m and n can 

be evaluated based on O/N ratio obtained from XPS analysis using Eq S8:

                                                      (S8)3 4
3 2

O m n
N m n








Table S3. Membrane surface roughness and surface area increase of membranes6.

Sample Rq (nm) Surface area increase (%)

TFC 49.8 28.1

TFN-MXene 69.1 32.7

TFN-AMXene 116.0 48.9



Table S4. Zeta potentials under pH 7 and water contact angles of both MXene flakes and 

AMXene particles.

MXene flake AMXene particle

Zeta potential under pH 7 (mV) -40.1 ± 1.4 -13.9 ± 0.8

Water contact angle (o) 25 < 10

The Zeta potential of MXene flakes and AMXene particles were measured by Malvern 

Zetasizer Nano ZS analyzer under pH 7.

To test the water contact angle of MXene flakes and AMXene particles, the MXene 

solution firstly dropped onto a clean slide, and the AMXene particles need to be laid on a slide 

and compacted. Both of them need to be dried for 30 minutes before testing and used in same 

amount.
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