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Fig. S1. TPNGDY synthetic reaction formula.
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Fig. S2. Laboratory self-made device for testing PV performance.
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Fig. S3. FT-IR spectra of TPNGDY and Tris(4-ethynylphenyl)amine.
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Fig. S4. XRD spectrum of TPNGDY.
[image: ]
Fig. S5. Nitrogen adsorption-desorption isotherms of TPNGDY nanoparticles.
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Fig. S6. Ethanol /water contact angle of TPNGDY.
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Fig. S7. DLS particle size analysis of TPNGDY with different preparation methods.
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Fig. S8. Size of TPNGDY particles in cast membrane solution prepared by general stirring-casting method.
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Fig. S9. XRD patterns of pure PDMS membranes and TPNGDY/PDMS MMM.
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Fig. S10. Surface SEM of ultrasonically sprayed 1,2,4 and 5 layers (a~d) of MMM.
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Fig. S11. Comparison of (a) T2 relaxation time and (b) crosslink density of PDMS on membrane surfaces with different numbers of sprayed layers.

Part 1.
We analyzed the relaxation time (T2) reflecting the movement of PDMS polymer chains on the membrane surface using low-field nuclear magnetic resonance (LFNMR). As shown in Fig. S11(a), the polymer network exhibits different relaxation times, categorized as T2s, T2m, and T2l, each representing a different degree of proton migration. T2s correspond to protons in the polymer chains close to the cross-linking sites. T2m corresponds to protons located within the network but not directly attached to the cross-linker, and T2l denotes protons with greater mobility at the end of the chain [1, 2]. Comparison of the relaxation times of PDMS on membrane surfaces with different numbers of sprayed layers shows that the relaxation time T2s is shorter. The peak area share is larger (Fig. R11(b)) for the sprayed 3-layer (the peak area is calculated from S1/(S1+S2+S3)), which suggests that there is better and more homogeneous cross-linking between the PDMS, with fewer free spaces in the chain segments.

[image: ]
Fig. S12. Cross-sectional SEM images of ultrasonically sprayed TPNGDY/PDMS MMMs with 1,2,4 and 5 layers (a-d) and the trend of the thickness of the separating layer with the number of sprayed layers (e) and EDS characterization of 4 layers of ultrasonic spraying (f).
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Fig. S13. Effect of TPNGDY loading on PV performance of TPNGDY/PDMS MMM with 1,2,4, and 5 layers (a-d) of spraying layers.
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Fig. S14. Effect of spraying layers on PV performance of TPNGDY/PDMS MMM with the TPNGDY loadings of 0.5 wt.% to 1.25 wt.% (a~d).
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Fig. S15. Effect of TPNGDY loading on the static water contact angle of TPNGDY/PDMS MMMs. Error, 0.24% ~1.37%.
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Fig. S16. SEM image before ultrasonic spray PDMS post-processing.
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Fig. S17. The Arrhenius equation diagram of ethanol and water permeation flux and temperature.






Table S1. PV performance comparison
	Materials
	Selective thickness/μm
	Feed temperature /℃
	Feed concentration/wt.%
	Total flux
/kg·m-2·h-1
	Separation factor
	Reference

	Silicalite-1/PDMS
	100
	35
	6
	0.085
	16.4
	[3]

	Silica/PDMS
	6
	60
	5
	0.807
	12.5
	[4]

	ZIF-71/PDMS
	5
	50
	5
	0.900
	9.5
	[5]

	ZIF-67/PDMS
	7.3
	40
	6
	2.78
	15.4
	[6]

	ZIF-90/PDMS
	100
	60
	5
	0.099
	15.1
	[7]

	UiO-66-TMS/PDMS
	—
	40
	5
	5.278
	5.4
	[8]

	MCM-41@ZIF-8/PDMS
	3
	70
	5
	2.204
	10.4
	[9]

	Silica/PTMSP
	125
	50
	10
	0.400
	15.3
	[10]

	PDMS
	<1
	60
	5
	3.275
	7.5
	[11]

	PDVB/PDMS
	15
	60
	6
	1.423
	10
	[12]

	PDMS-PTFPMS block copolymer
	9
	60
	5
	1.348
	10.1
	[13]

	PSI
	100
	60
	5
	0.27
	4.3
	[14]

	Porous PTFE
	175
	60
	2
	10. 592
	2.25
	[15]

	TPNGDY/PDMS
	3.8
	60
	5
	2.35
	11.31
	this work

	   TPNGDY/PDMS-after work
	4
	60
	5
	2.19
	12.55
	this work
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