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Fig. S1 Optical image showing the Tyndall effect of the MXene suspension.
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Fig. S2 FT-IR spectrum of the MXene nanosheets, exhibiting the characteristic peaks
of MXene, namely the -OH and C-F peaks.
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Fig. S3 Raman spectrum of the MXene membrane, showing the characteristic peaks of
C-0, O-H, and C-F.



Fig. S4 Optical images of a free-standing MXene membrane (a) or one on a PVDF
support (b).
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Fig. S5 Stability test of the MXene membrane by sonication treatment. (a, b) Surface
SEM images of the membrane before (a) and after (b) sonication. (c) Cross-sectional
SEM images of the membrane after sonication. (d) XRD patterns of the membrane

before (red curve) after sonication (blue curve) in the wet state.
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Fig. S6 The chemical and wettability analysis of the MXene membrane. (a) The XPS
spectrum of MXene membranes and (b) the corresponding analysis of element content.

(c) The contact angle of water on the MXene membrane.
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Fig. S7 The flux of water permeated through the MXene membrane as a function of the

applied bias.
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Fig. S8 Absence of electrical response for the permeation of single-component organic

solvent. (a) The specific permeate volume for each solvent as a function of permeate

time. (b) Step-wisely applied bias during the tests in (a).
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Fig. S9 Absence of electrical response for the permeation of water (a) and acetone (b)
through the PVDF support substrate.
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Fig. S10 The flux of permeate as a function of the applied bias when 120 nm thick
MXene membrane was used. The volume ratio of acetone in the feed mixture was 10%.
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Fig. S11 Durability of the MXene membrane for ESN. (a) Optical images of the same
MXene membrane after each separation process. Five cycles of separation were carried
out for the durability investigation. (b) Specific permeate volume as a function of time
during each cycle of separation. (c) The corresponding rejection rate of acetone for each

separation. Water/acetone with 10 vol% of acetone was used for each separation process.
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Fig. S12 The flux of permeate as a function of the membrane thickness, when the

applied bias was -2 V. The volume ratio of acetone in the feed mixture was 10%.
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Fig. S13 The conductivity of MXene membranes with variable thickness.



Fig. S14 SEM characterization of the MXene membrane with insufficient amount of
MXene nanosheets used for membrane preparation (less than that used for membrane
of 120 nm thick).
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Fig. S15 The flux of permeate as a function of the volume ratio of acetone in the feed

mixture. The applied bias was -2 V and the membrane thickness was 120 nm.
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Fig. S16 Structural relaxation of the constructed unit cell under charged and uncharged

conditions. (a) Structural relaxation of MXene cells with water; (b) with acetone.
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Fig. S17 DFT calculation of the water/MXene interaction (a, b) and acetone/MXene
interaction (c, d) without (a, ¢) and with charge (b, d) added. Interaction sites with the
lowest binding energy were used for the calculations. The left sides of (a-d) are the side
views of the interaction, while the right sides are the top views which show the binding

sites.
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Fig. S18 Structural relaxation of the constructed unit cell under charged and uncharged
conditions: (a) with ethanol; (b) with ethylene glycol; (¢) with n-butanol; and (d) with

1so-butanol.
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Fig. S19 DFT calculation of the ethanol/MXene interaction. (a, d) 3D views exhibiting
the ethanol/MXene interaction without charge (a) and with charge (d). (b, e) Side views
and (c, f) top views of the interaction without (b, ¢) and with (e, f) charge added. (g)
The corresponding adsorption energy of ethanol on MXene surface without and with
charge added. The results show that adding a negative charge enhances the

ethanol/MXene interaction.
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Fig. S20 DFT calculation of the ethylene glycol/MXene interaction. (a, d) 3D views
exhibiting the ethylene glycol /MXene interaction without charge (a) and with charge
(d). (b, e) Side views and (c, f) top views of the interaction without (b, ¢) and with (e,
f) charge added. (g) The corresponding adsorption energy of ethylene glycol on MXene
surface without and with charge added. The results show that adding a negative charge

has almost no effect on the ethylene glycol/MXene interaction.
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Fig. S21 DFT calculation of the n-butanol/MXene interaction. (a, d) 3D views
exhibiting the n-butanol/MXene interaction without charge(a) and with charge (d). (b,
e) Side views and (c, f) top views of the interaction without (b, c) and with (e, f) charge
added. (g) The corresponding adsorption energy of n-butanol on MXene surface
without and with charge added. The results show that adding a negative charge has

almost no effect on the n-butanol/MXene interaction.
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Fig. S22 DFT calculation of the iso-butanol/MXene interaction (a, d) 3D views
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exhibiting the iso-butanol/MXene interaction without charge (a) and with charge (d).
(b, e) Side views and (c, f) top views of the interaction without (b, ¢) and with (e, f)
charge added. (g) The corresponding adsorption energy of iso-butanol on MXene
surface without and with charge added. The results show that adding a negative charge

has almost no effect on the iso-butanol/MXene interaction.
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Fig. S23 DFT calculations of the differential charge density of water, acetone and

ethanol on MXene surface before and after applying electric field. An isosurface value
of 0.0005¢e/Bohr?® was used to illustrate the structural models and the differential charge
density. Blue and yellow regions represent electron loss and gain, respectively. (a-c)
The differential charge densities of water/MXene (a), ethanol/MXene (b) and
acetone/MXene (c) before electric field application, and (d-f) after electric field

application.
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Fig. S24 Separation performance for the water/ethanol mixture. (a) The permeate
volume as a function of permeate time. (b) The rejection rate of ethanol in the permeate.
The volume ratio of ethanol in the feed mixture was 10 vol%.



Q

35 30
£30f | 2st
= L n i
QE)25 & _‘EZO-
220— /.,! "-‘__15‘
215t il N‘g
g 10} e < 10f
€ ) g S
CT) 5k u o 51
Q n

O,

20 40 60 80 100 120
Time (min)

20 40 60 80 100 120
Time (min)
Fig. S25 Time-dependent permeate volume and permeate flux of water under an
external pressure of 1 bar.

Table S1 Adsorption energy of water on MXene.

Added charge Econ/eV Emxene/€V Euae/eV Ea.as/eV
0 -626.17200228  -538.16516179  -87.56488714 -0.07365889
-1 -627.52904798  -538.86363618  -87.56488714 -0.18342077

Table S2 Adsorption energy of acetone on MXene.

Added charge Econ/eV Emxene/€V Eecetone /€V Eaas/eV
0 -707.71930261  -538.16516179  -168.94162956  -0.20417042
-1 -708.38504400  -538.86363618  -168.94162956  -0.19325942

Table S3 Adsorption energy of ethanol on MXene.

Added charge Econ/eV Emxenc/eV Eethano/€V Eaas/eV
0 -680.08294336  -538.16516179  -141.45043359  -0.15578266
-1 -680.95869441  -538.86363618  -141.45043359  -0.21487488

Table S4 Adsorption energy of ethylene glycol on MXene.

Added Charge Econ/eV EMxene/eV Eethy\ene g\yco\/ev Eads/ev
0 -700.03548526  -538.16516179  -161.00510124  -0.28840741
-1 -700.70749843  -538.86363618 -161.00510124  -0.27958700




Table S5 Adsorption energy of n-butanol on MXene.

Added charge Econ/eV Emxenc/eV Er-outana/€V Eaas/eV
0 -699.65636670  -538.16516179  -160.55459539  -0.46830476
-1 -700.28782025  -538.86363618  -160.55459539  -0.43479437

Table S6 Adsorption energy of iso-butanol on MXene.

Added charge Econ/eV Emxene/€V Eiso-butana/€V Eass/eV
0 -699.39379238  -538.16516179  -160.27823148  -0.47519956
-1 -700.02865392  -538.86363618  -160.27823148  -0.44339313

Table S7 Comparison with previous works.

Materials Method Feed Feed Flux Separation Ref
temperature (kgm 2h™ ") factor
)
ZIF-8 GO PV 75 n-Butanol 0.606 23.7 1
ZIF-71/PEBA PV 37 Acetone 0.025 8.2 2
n-Butanol 0.0968 18.8
ZIF8/PDMS PV 80 n-Butanol 2.8005 52.81 3
COF-LZU1 PV 64 n-Butanol 2.694 38.7 4
CTF PV 60 n-Butanol 2.816 62.8+1.5 5
COF-LZU PV 34 n-Butanol 0.629 20.4 6
IL-GO-PEBA PV 60 n-Butanol 1.8283 32.5 7
P84/EDA PV 50-60 Acetone 1.8 53 8
(PPMS)-CA PV 40 Acetone 2.799 49.6 9
SHS/PDMS PV 35 Acetone 0.535 46 10
PDMS/MOF- PV 40 Ethanol 6.8 8.9 11
NS/PVDF n-Butanol 9.4 12.1
SPB/GO PV 70 n-Butanol 5.23 8000 12
ACGMs PV 20 Ethanol 35.6 18.4 13
60 389.1 0.3

PVDF- Membrane 57 Ethanol 12.3 - 14

SWCNH Distillation

BTESA OSRO 50 Methanol/Toluene 0.09-1.6 4.9-32 15
MXene- ESS 25 Acetone 7.4 4.05 This
PVDF n-Butanol 11.32 7.34 work

iso-Butanol 11.74 17.25




OSRO: organic solvent reverse osmosis

The separation factor in the ESN system is calculated by the following equation:

( Ywater )
1-Y,
a = water (1)
( Xwater )
1- Xwater
where Xuwarer and Ywarer denote the mass fraction of water in the feed and permeate,

respectively.
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