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Fig. S1 SEM images of AKT whiskers with different amounts of silver nitrate per gram 

of potassium tetratitanate whiskers: (a) 1:1, (b)1:3, (c)1:5, (d)1:10, (e) 1:20, and their 

corresponding digital images.

Ag particles were gradually formed on the surface of whiskers to generate conductive 

paths.
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Fig. S2 The relationship of (a) density and (b) resistance of AKT whiskers with 

different amounts of silver nitrate per gram of potassium tetratitanate whiskers.

The resistance of the whisker was measured by the following method: put 0.05 g of 

AKT whiskers into a circular container with a diameter of 1 cm, and measure the 

resistance at both ends of the diameter.
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Fig. S3 XPS spectra of different elements of K2Ti4O9.
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Fig. S4 Dispersion of whiskers in different solvents/solutions after 10 min: (a) H2O, 

(b)1 M HCl, (c)1 M NaOH, (d) EtOH, and (e) DMF.
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Fig. S5 An SEM image of the AKT power stored in the glass bottle for more than 180 

days under dark conditions.
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Fig. S6 Conductivity of AKT powers prepared by using different mass ratios of 

ingredients (K2Ti4O9:AgNO3) stored in glass bottles for more than 180 days under dark 

conditions.
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Fig. S7 (a) Surface and (b) sectional SEM images of the pure TPU membrane prepared 

by NIPS.
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Fig. S8 The contact resistance of the top (a) and bottom (b) layers.

We sticked conductive copper tape on both sides of the glass sheet (The two edges were 

joined), and left 1 cm in the middle. This is a simple way to measure the surface contact 

resistance. The surface resistance of the top layer is out of range (O.L.>100 MΩ), and 

the surface resistance of the bottom layer is 0.6 Ω.
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Fig. S9 EDS mapping images of the sectional (a) and top (b) layers of the hierarchical 

porous TPU/AKT hybrid membrane.

As can be seen from Fig. S9a, the Ag content in the bottle layer is much higher than 

that in the top layer, but the amount of silver element in the intermediate porous layer 

is uniform. Fig. S9b shows that the top layer of macro-porous framework contains less 

silver.
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Fig. S10 Sectional SEM images of the porous TPU/AKT hybrid membranes prepared 

at (a) 25℃ and (b) 50℃.

The electron microscopy well demonstrates our proposed mechanism. (Fig. S10a) At 

the appropriate temperature, the mixed liquid with only TPU floating through the 

network to form the top layer. The holes in the section are elongated vertically, which 

can be interpreted as the result of upward movement of the mixed liquid with TPU. 

(Fig. S10b) Network-distributed whiskers cannot provide additional anchoring effect 

to aggregate TPU molecular chain together to fix itself because of a relatively high 

temperature. Thus, a symmetrical porous membrane is formed, and the whiskers float 

on the surface of the TPU, showing a completely different state from the products 

prepared at a low temperature.
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Fig. S11 Microscopic photographs of the films (top layer) prepared under different 

conditions.
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Fig. S12 The specific grid division of three representative examples (without pore, 

suitable pore and big pore)

For pressure simulation analysis, the COMSOL software platform was used to establish 

the porous structure analysis model. Solid mechanics is selected to perform the 

simulation process of the microstructure surface. For three representative examples, 

including without pore, suitable pore and big pore, were used for analysis. The entire 

model was meshed by over 2000 elements and more than 8000 degrees of freedom.
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Fig. S13 Schematic images showing the effect of different conductive materials on the 

film, which proves that appropriate amount of conductive whisker provides a guarantee 

for high electrical conductivity along with good mechanical properties.

14



Fig. S14 Photos show that the gas passing efficiencies on the top (a) and bottom (b) 

layers of the membrane are different.
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Fig. S15 The strain sensing behavior of the hierarchical porous TPU/AKT membrane 

during repeated stretching-relaxing deformations.
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Fig. S16 The volume conductivity changes of the film while stretching.
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Fig. S17. Comparison with other similar works [1-7]
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