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In this study, 3D nanofibers were prepared using three steps. First, we prepared 

3D nanofibers through an improved electrospinning technique (Fig S 1 and Fig. 2b). 

First, polyacrylonitrile (PAN, MW=100k) was dissolved in the solvent of N, N-

dimethylformamide (DMF) (W: V=10%). Second, the mixed solution was fed into a 

syringe capped with a 0.22 gauge blunt-tipped needle nozzle and driven by a syringe 

pump (Silugao CO., Beijing, China) at 1.0 mL/h voltage of 15 kV was supplied by a 

high DC power supply (Dongwen High Voltage, China) between the tip of the needle 

and the collector at a distance of 10 cm. Then the PAN fibers were spun into a 

borosilicate beaker (1000mL) with 800mL of ethanol, and then the nanofiber 

dispersion was replaced by 800mL DI water three times with rigorous shaking. 

Finally, homogenization of nanofibers was prepared, freeze-drying assembly and the 

freeze-drying process.S1

For 2D nanofiber fabrication, The electrospinning was performed using a 

customized spinning system. The solution of PAN and electrospinning process were 

treated as 3D nanofibers fabrication. The obtained nanofibers were deposited onto the 

aluminium foil-covered collector (Fig. S2).

Fig. S1. The fabrication steps of the 3D PAN nanofibers. (a) Electrospinning the PAN 

nanofibers into ethanol solution. (b) The obtained mixed ethanol nanofiber solution (c) 

The water nanofiber solution which was prepared by DI water with rigorous shaking. 

(d) 3D nanofibers are prepared after freeze-drying.



Fig. S2. Schematic diagram of the 2D nanofibers.
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