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Fig. S1 A photo of thermally expanded vermiculite powders. The particle size of silvery

white vermiculite powders is about 8-13 mm.



Fig. S2 SEM images of thermally expanded vermiculite powders. It shows layered-

structure.



Fig. S3 TEM images of thermally expanded vermiculite powders.



Fig. S4 TEM images of exfoliated vermiculite nanosheets.
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Fig. S5 AFM images of vermiculite nanosheets.
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Fig. S6 A photo of vermiculite nanosheets suspensions after 25 months. A nearly
transparent vermiculite nanosheets dispersion with a concentration of 1 mg mL-! was
obtained after removing the unexfoliated vermiculite flakes by centrifugation at 10000
r.p.m. for 20 min. The vermiculite nanosheets suspensions can keep stable and no

appreciable precipitation was found even after 25 months.



Fig. S7 A photo of vermiculite membrane on PET using a spray-coating method.
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Fig. S8 XRD patterns of vermiculite nanosheets (black line) and vermiculite
membranes (red line). the diffraction peak of vermiculite nanosheets at around 7° is
weaker and broader compared to vermiculite membranes, indicating that the

vermiculite nanosheets are less ordered stacked.
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Fig. S9 Li", Na* and K conductivity of vermiculite membranes as a function of

temperature.
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Fig. S10 Various cations (Li*, Na*, K* , Mg?*, AI’*) conductivities of vermiculite

membranes at 50 °C.
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Fig. S11 Photos of vermiculite membranes in organic solvents. The vermiculite

membranes are highly stable in varous organic solvents.
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Fig. S12 Tensile strength of vermiculite membranes after storing in organic solvents

for one week.
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Fig. S13 Li* conductivity of vermiculite membranes after storing in organic solvents

for one week.
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Fig. S14 Typical stress-strain curves of vermiculite membranes. Blue and red lines
represent initial vermiculite membrane and cross-linked vermiculite membrane,

respectively. After cross-linking with glutaraldehyde, the tensile strength of vermiculite

membranes is twice as high as that of the pristine vermiculite membranes.



Fig. S15 Surface SEM images of vermiculite membranes after soaking in DMF at 100

°C for 24h.



Fig. S16 Cross-section SEM images of vermiculite membrane after soaking in DMF

at 100 °C for 24h.
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Fig. S17 Tensile strength of cross-linked vermiculite membranes during 100 bending

tests.



Fig. S18 The cross-linked vermiculite membranes were attached to a hand, while

completely maintaining structural integrity
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Fig. S19 TGA curve of vermiculite membranes.



Fig. S20 Photos of initial conductive hydrogel (a) and dehydrated hydrogel (b).
Compared with the initial hydrogel, the dehydrated hydrogel shows severe changes in

both volume (shrinkage) and transparency (opaque).
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Fig. S21 Conductivity of vermiculite membranes (a) and hydrogels (b) during

dehydration-hydration cycles.



Fig. S22 Surface SEM images of vermiculite membranes after 100 dehydration-

hydration cycles.



Fig. S23 Cross-section SEM images of vermiculite membranes after 100 dehydration-

hydration cycles.
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Fig. S24 Tensile strength of cross-linked vermiculite membranes during dehydration-

hydration cycles.
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Fig. S25 The recorded current signals of A1 and A2 meters versus time.
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Fig. S26 Photos of conductive hydrogels: (a) initial conductive hydrogels, (b)

conductive hydrogels after thermal annealing at 300 °C for 2h.
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Fig. S27 Photos of conductive hydrogels: (a) initial conductive hydrogels, (b)

conductive hydrogels after 3 dehydration-hydration tests.
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Fig. S28 Eight points from 1# to 8# were sequentially touched on the ionic touch panel

to investigate the accuracy of position.



Table S1.

Comparison of ion conductivity and tensile strength of ion-conducting composite and
vermiculite membranes.

Tensile strength  Ion conductivity

Samples (MPa) (S em) References
Co-PMPEG/LiTFSI 0.25 6X10° S1
PVDF-co-
-4
HFP/EMIOTf 0.02 2x10 52
PMMA/LiCIO, 0.25 5X104 S3
Wood-PAM/KCI 36 5X104 S4
PAA/[Comim][EtSOy] 0.01 2.2X103 S5
PVA/LiCl 0.15 2X 1072 S6
Zwitterionic gel/LiCl 0.05 2X 102 S7
PAMPS/[EMIm][DCA] 7.7 2.4X10? S8
Polyampholyte/KCl 1.9 3X 102 S9
Vermiculit
ermiculite 41 4.5% 101
membranes .
. This work
Cross-linked
83 4.5X 10!

vermiculite membranes
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