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Synthesis of Ti;AlC, powder

The MAX phase was used as precursor for MXene synthesis. Ti;AlC, was prepared by vacuum
atmosphere sintering method through mixing all powders of TiC (2-4 um particle size, 99% purity,
Aladdin), Al (1-3 um particle size, 99.5% purity, Aladdin), and Ti (< 48 pum particle size, 99.99%
purity, Aladdin) in a molar ratio of 2:1.2:1. The mixed powders were ball-milled with ethyl alcohol for
4 h at a speed of 300 rpm, and dried in the vacuum oven at 60 °C for 24 h. Then, the mixture was
annealed in an alundum tube in Ar gas at a flow of 100 mL min-'. Sintering process was conducted at
1400 °C for 2 h at a heating rate of 8 °C min-'. The sintered product was grinded by stainless steel
mortar and sieved through a 400 mesh screen, so that the initial particle size was controlled < 38 pum.

Thus, the Ti;AlC, powders were obtained for further use.



Fig. S1 SEM images of the Ti;AIC, powder.
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Fig. S2  (a) XRD patterns of Ti;AlC, and d-Ti;C,. (b) TEM image of a d-Ti;C, nanosheet (inset:

SAED pattern).



Characterizations of Ti;AlC, and d-Ti;C, sample

Fig. S1 shows the SEM images of the Ti;AlC, powders, which serves as raw layered materials for
the d-Ti;C, nanosheets preparation by selectively etching their Al layers. Fig. S2a is the XRD patterns
of the as-prepared Ti;AlC, and d-Ti;C,. It can be noted that the raw diffraction peaks are matched well
with the Ti;AlIC, MAX standard pattern (JCPDS No. 52-0875). After being etching by HCI/LiF and
sonication treatment of MAX powders, the typical diffraction peak (002) of Ti;C, shifts to a much
lower angle, resulting from an increased c lattice parameter. Fig. S2b presents the TEM image of an
individual d-Ti;C, nanosheet, showing its ultrathin 2D nanosheet morphology with lateral sizes up to a
few hundred nanometers. The selected area electron diffraction (SAED) pattern as seen in the inset of

Fig. S2b verifies the crystalline and hexagonal symmetry of d-Ti;C, again.



Table S1

work compared with other membrane materials under one sun.

Solar evaporation performance based on hydrophobic d-Ti;C, MXene membrane in this

Evaporation  Efficiency  Desalination  Salt-blocking
Sample Hydropathy L. . Reference
rate (kg/m? h) (%) application solution
Carbon based DLS Hydrophilic 1.2 64 No - 1
Au NP/NPT Hydrophilic ~1 ~64 No - 2
Ti,0; NP Hydrophilic 1.32 - No - 3
Functionalized o
Hydrophilic 0.47 48 No - 4
Graphene
rGO/PU Hydrophilic 0.9 65 No - 5
Carbonized o
Hydrophilic 1.475 78 No - 6
Mushroom
Artificial tree Hydrophilic 1.08 74 No - 7
TiAION/NiO Hydrophilic 1.13 73 No - 8
Wood/CNT Hydrophilic 0.95 65 No - 9
Al NP/AAM Hydrophilic 1 58 Yes No 10
GO with 2D .
Hydrophilic 1.45 80 Yes No 11
water path
Plasmonic wood Hydrophilic ~1.0 ~67 Yes Microchannels 12
Tree-inspired o )
. Hydrophilic ~0.8 57.3 Yes Microchannels 13
design
SWCNT/MoS, Hydrophilic ~1.1 81 Yes No 14
Porous N-doped .
Hydrophilic 1.5 80 No - 15
graphene
PPy-coated SS .
Hydrophobic 0.92 58 No - 16
mesh
Ti;C, MXene Hydrophilic 1.33 84 No - 17
. . Hydrophobic .
Ti;C, MXene Hydrophobic 1.31 71 Yes This work
surface
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Table S2  Structural parameters of the samples according to the (002) XRD peak.

Sample 20 (degree) d spacing (nm)
Hydrophilic d-Ti;C, membrane 6.440 1.371
Hydrophobic d-Ti;C, membrane 5.860 1.507
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Fig. S3 (a) SEM image and corresponding (b-¢) EDS mappings and (f) EDS spectrum of the

hydrophobic d-Ti;C, membrane.



Table S3  Solar evaporation performance of the hydrophilic and hydrophobic d-Ti;C, membranes.

Mass loading (mg) 2 4 8 10
Hydrophilic Evaporation rate (kg/m? h) 1.28 1.32 1.36 1.41
membrane Receiver efficiency (%) 66 68 71 74
Hydrophobic ~ Evaporation rate (kg/m? h) 1.17 1.20 1.24 1.31
membrane Receiver efficiency (%) 61 63 66 71
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Fig. S4 Vapor temperature on the membrane surface during solar steam generation.



Fig. S5 Optical photographs of the (a) front and (b) back sides of the hydrophobic d-Ti;C, membrane

after 200 h solar desalination.
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Fig. S6 UV-Vis spectra of organic dyes (a) RhB and (b) MO, and heavy metal ions (c) Cu?* and (d)

Crf* aqueous solution before and after evaporation purification.
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Fig. S7 UV-Vis spectra of volatile organics (a) acetone and (b) benzene aqueous solution before and

after evaporation purification.



