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Biomimetic hygroscopic nanofibrous membrane with gradient honeycomb-like network structure for efficient atmospheric water harvesting
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[bookmark: OLE_LINK4][bookmark: OLE_LINK5][image: ] Supplementary Figure 1 a–g SEM images demonstrating the evolution of the gradient honeycomb-like architecture of PVA NFM versus time. h The average pore size distribution diagram revealing the pore size of the honeycomb-like network structure of PVA NFM gradually increases with the electrospinning time.
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Supplementary Figure 2 The pore size distribution diagram of PVA NFM.
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[bookmark: _Hlk50109788]Supplementary Figure 3 After the PVA-C NFM was compressed by gravity of 200 cN for 24 h, the honeycomb-like network structure remained stable and did not collapse.
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Supplementary Figure 4 Swelling property of PVA-C NFM in water and its SEM morphology after water immersion for 2 days.
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Supplementary Figure 5 a N2 adsorption−desorption isotherms and b pore size distribution curves of PVA and PVA-C NFMs.

Supplementary Table 1 BET specific surface area and pore structure parameters of PVA and PVA-C NFMs.
	[bookmark: _Hlk487723152][bookmark: OLE_LINK53]Sample
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43]SBETa (m2 g-1)
	Vtotalb (cm3 g-1)
	Vmesoc (cm3 g-1)

	PVA
	6.45
	0.0127
	0.0118 (93)

	PVA-C
	3.27
	0.0062
	0.0054 (87)


Notes: aSBET was calculated in the partial pressure (P/P0) range of 0.01 to 0.1. bTotal pore volume at P/P0 = 0.99. cVmeso was calculated by the BJH method, the values in parentheses denote the mesopore volume fraction.
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Supplementary Figure 6 The cross-linking reaction equation between PVA and GA.
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[bookmark: OLE_LINK104][bookmark: OLE_LINK105]Supplementary Figure 7 SEM image of PVA-C@LiCl NFM and corresponding elemental mapping images of C, O, and Cl, respectively. The insets demonstrate the flexibility and windability of PVA-C@LiCl NFM.
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Supplementary Figure 8 Cyclic tensile test under 60% strain of PVA-C NFM.
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Supplementary Figure 9 a Raman image of the region from the surface to the interior (from top to bottom) for the dried PVA-C@LiCl NFM. b Bright-field image of the humped nanofibers in the middle of the dried PVA-C@LiCl nanofibrous networks. c Raman spectra obtained from point 1 in panel (a).
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Supplementary Figure 10 Evolution of the total number of hydrogen bonds in PVA-C@LiCl NFM as a function of the simulation time during the molecular dynamics simulation of moisture absorption and transportation process.
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Supplementary Figure 11 Geometric relationship between α and the cross-sectional configuration of the gradient honeycomb-like network structure


Supplementary Note 1
The equation of difference in Laplace pressure is as follows1:
               (1)
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]where r is the local radius of the humped nanofiber, R0 is the water drop radius, γ is the water surface tension, β is the half apex-angle of the spindle-knot, and z is the integrating variable along the diameter of the spindle-knot.
Furmidge proposed the Furmidge equation to explain the dynamic wettability as follows2:
                   (2)
where m, σ and w are the weight, surface tension and contact circle width of the liquid droplet, respectively. g is the gravitational acceleration, α is the sliding angle (SA), and θA and θR are the advancing contact angle (CA) and receding contact angle, respectively.
Typically, the geometric relationship between α and the cross-sectional configuration of the gradient honeycomb-like network structure is shown in Supplementary Fig. 11. α can be calculated by:
                     (3)

Supplementary Note 2
The calculation of the LiCl coating ratio.
[bookmark: OLE_LINK2]The LiCl coating ratio was obtained by the weight variation of NFM before and after impregnating LiCl, and then calculated according to the following formula:
                       (4)
where,  is the coating ratio based on the area of raw PVA-C NFM (g cm-2), m0 is the original weight of raw PVA-C NFM (g), m is the weight of dried PVA-C@LiCl NFM (g), and S refers to the area of raw PVA-C NFM (cm2). The average LiCl coating ratio of PVA-C@LiCl NFM obtained by five experiments was 0.0043 g cm-2.

Supplementary Note 3
The equation of the strain recovery ratio is as follows3:
               (5)
where εm is the maximum strain (εm = 60%) in the cyclic tensile test, εP (N) is the residual strain after recovery in the Nth cycle.


Supplementary Methods
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Materials. Polyvinyl alcohol (PVA, Mw = 89,000-98,000, 99+% hydrolyzed) was purchased from Sigma–Aldrich Chemical Company. Glutaraldehyde (GA, 50% in H2O), hydrochloric acid (36.5–38.0%), lithium chloride (LiCl, 98%), and absolute ethanol (EtOH, ≥ 99.7%) were obtained from Aladdin Biochemical Technology Co., Ltd., China. All chemicals were used as received without further purification. Pure water was produced by a water purification system (UPT-11-20T).
[bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: _Hlk50189385]Water swelling test. To measure the swelling ratio in water, dried PVA-C NFM (its weight is designated as m0) was immersed in water for 2 days at 25 oC, after taking out, use filter paper to absorb the water on the NFM surface, and the weight of the NFM at equilibrium (m) was measured, which was calculated as follows:
                (6)
It can be seen from Supplementary Fig. 4 that the water swelling ratio of the PVA-C NFM tends to be stable after approximately 24 h and the ratio is approximately 6.4%.
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