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Fig. S1. SEM images via energy dispersive spectroscopy (EDS) analysis on
componential elements of the hybrid membrane. For the whole system, Cu-, O-, and
F- are indicated with blue, green and red colors, respectively. (Electrospun time is 5
minutes, and anodization time is respectively 600 s, 700 s for a, b).
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Fig. S2. XRD patterns of Cu mesh after anodization. It demonstrates the Cu changed
into the orthorhombic-phase Cu(OH), nanocrystals (JCPDS card no. 13-420).



Fig. S3. SEM images of section view of Cu wires with different anodization time: a-i,
are respectively anodized 0s, 50's, 100 s, 200 s, 300 s, 400 s, 500 s, 600 s and 700 s,
for Cu wires. The length of CNNs is linear growth from ~2.2 um (50 s) to ~12.4 um (700
s) along with anodization time changed from 50 s to 700 s.



Fig. S4. SEM images of Cu meshes with different anodization time: a-r, are respectively
anodized 0s,50s, 100 s, 200 s, 300 s, 400 s, 500 s, 600 s and 700 s, for the Cu mesh.
The pore size of anodized Cu meshes decreases from ~75 um to ~50 um with
anodization time changed from 0 s to 700 s. The CNNs become inordinate and some
conglobate sediments adhere onto the CNNs when anodization time is 700 s.



Fig. S5. SEM images of hybrid membrane (electrospun time 5 minutes) with different
anodization time: a-r, are respectively anodized 0's, 50 s, 100 s, 200 s, 300 s, 400 s,
500, 600 s and 700 s. The pore size of Cu meshes covered by PNFs network decreases
with anodization time changed from 0 to 700 s. The CNNs become inordinate and
some conglobate Cu(OH), sediments adhere onto the PNFs and the CNNs when
anodization time is 700 s.



Infiltration time

0ms 470 ms 513 ms 560 ms
100 s
L L ———
310 ms 318 ms 332ms
200 s -L A YN —
185 ms 212 ms 230 ms
b 300s g n .
E = - = o - :
- 149 ms 165 ms 185 ms
g L
| 400s 4 * ——
N 31 ms 54 ms 119 ms
©
: _ﬂ. ..
500 s =
< -& R
23 ms 58 ms 100 ms
600's L . W N—
17 ms 46 ms 93 ms

700 .2..‘-:.‘-_3-

Fig. S6. Optical images of the process which the drops penetrate the hybrid membrane
(electrospun time 5 minutes) when anodization time is changed. Infiltration time
decreases from 560 ms to 93 ms with anodization time from 100 s to 700 s.
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Fig. S7. Optical images of the process which the drops penetrate the hybrid membrane
(anodization time 600 s) when electrospun time is changed. Infiltration time increases
with electrospun time. Infiltration time increases from 31 ms to 217 ms when
electrospun time is from 0 minute to 7 minutes. However, it is noted that the droplet
could not permeate the surface if electrospun time is 9 minutes because there are not
CNNs piercing the PNFs network.
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Fig. S8. (a-f) The top view of the hybrid membrane with CNNs/PNFs interleaving
topology (anodization time is 600 s, electrospun time is 7, 8, and 9 minutes,
respectively,). (g-i) The cross-sectional view of the PNFs The thickness of the
electrospun membrane is about 2.6 £ 0.6 um (7 min), 4.1+ 0.7 um (8 min) and 5.6
0.7 um (9 min), respectively. (j-I) The contact angles of membranes for electrospun
time 7, 8, and 9 minutes, are ~ 0°, 146.4 + 1.0° and 147.6 £ 2.1°, respectively.
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Fig. S9. The relation between pore size of PNFs network and electrospun time. The
pore size of fibrous membrane decreases with electrospun time due to the packing
effect of PNFs.



Fig. $10. SEM images of hybrid membrane (anodization time 600 s) with different
electrospun time: a-i) electrospun 0, 1, 3, 5, 7 and 9 minutes, respectively. The pore
size of fibrous membrane and the length and number of the CNNs above the fibrous
membrane decreases with electrospun time. The CNNs is not able to grow out of PNFs
network due to very small and winding pores when electrospun time is 9 minutes.



Fig. S11. ESEM images which reveal the droplets condensation and transportation
process in the water vapour atmosphere. The droplets are transported away once the
droplets only contact the CNNs.
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Fig. S12. Proposed model of the spontaneous unidirectional fog transportation for the
hybrid membrane when the fog droplets sprays on the CNNs mesh side of the hybrid
membrane. The fog droplets cannot be transported from the anodized Cu mesh side

to the fibrous membrane side, because of the critical Pj,:yusion and the opposite Laplace

force (F; and F5).
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Fig. S13. The fog-collecting efficiency of the hybrid membrane and the results about
fog-collecting efficiency for planar materials in recent years. The red star indicates the
fog-collecting efficiency of the hybrid membrane which is higher than the other results

in recent years. 28, 34-37,42-43,51-20
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Fig. S14. The humidity change in the chamber when fog drops spray on: (a) the CNNs
mesh (without hydrophobic PNFs); (b) the hybrid membrane with hydrophobic PNFs
sides inward; (c) the hybrid membrane with hydrophobic PNFs side outward. The
humidity changes are respectively, from 38.8% to 54.3%, from 39.2% to 54.7% and

39.4% to 90.3%, after 10 minutes.
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