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Supplementary Note 1. Methods
Calculation of ! and ¢. The elasto-adhesive length [ was calculated according to Eq. (1) in
the main text. The fracture energy I' was calculated through a set of tensile tests, i.e.,

tensile tests on two samples; one without a notch and one with a notch (Fig. S3, ESI):

1 (S1)
where H is the effective length of the unnotched sample at the beginning of the tensile
test, A is the strain at which the crack of the notched sample begins to propagate, and
S is the nominal stress. In Eq. (1), E'is the Young’s modulus, which was determined based
on the first portion of the stress-strain curve, i.e., the equilibrium region, which might be
located at the post-yielding region when the yield stress and strain are adequately small.
The value of E is of high significance when calculating the l; thus, it is vital to measure the
Young’s modulus at the near-linear region far ahead of the catastrophic failure point.

The crack-tip load-transfer length $ represents the length scale of the failure zone
around the crack tip (Fig. S4, ESIf). The § was calculated according to Eq. (2) in the main

text. Hence, in addition to I, the critical energy per unit volume for material failure W,

was also calculated as follows:

_ Area enclosed by the force - displacement curve

*

Volume of sample

(S2)
Fatigue threshold calculation. A set of cyclic tensile tests was performed using a pre-

notched and an unnotched sample. The strain energy density and the energy release rate



were calculated according to Egs. (3-4) in the main text. In these equations, N is the

number of cycles of tensile loading, A4 is the maximum elongation (i.e., strain limit), and

h
c(N) is the crack length at the Nt cycle. To determine the c(N) for each N, pixel

judgment based on the polarized video recorded during the cyclic tensile tests was
performed. The value of ¢(NV) was determined based on the initial frames when unloading
relaxation occurred. In order to obtain the fatigue threshold FO, dc/dN and G were
plotted first to find the inflection point, and then, linear fitting was performed on the data
points whose G was larger than the inflection point, and the intersection point with the
X-axis was the FO.

Orientation distribution By calculation. The small angle X-ray scattering orientation

distribution factor B ops was calculated by:

f I(s,p)de

Bobs = i

mazx,s (S3)
where S is the reciprocal space vector, ¢ is the azimuthal angle of the pattern. It is
restricted in the azimuthal region of -45 to 45 degrees. I'nax,s is the value of the maximum
intensity at a certain S. The 1(s,9) was plotted through the divided data processing of the
whole pattern. The S was determined by:

s=q/2n (S4)
where 4 is the diffraction vector. For each (S.¢) plot, a corresponding certain 1(9) plot

could be extracted. All plots were constructed using the Fit2D software. Subsequently, 4



was set to be the maximum abscissa value in the 1(q) plot. Thereafter, sets of B ops and S

values could be obtained, correlating each B ops to one certain S. Furthermore, the linear

sBobs—s

fit over was conducted by:

1
sB S) =SBy + —
obs( ) Y I (55)

where By reflects the orientation distribution and L represents the mean length of the

SB, .- S

scatterers. Accordingly, the slope of the linear fit over was the approximated

and quantized value of B‘P, where the smaller the B‘P, the higher the orientation degree
along the direction of interest.

Fatigue threshold calculation

The fatigue fracture behavior of CIHI also evaluated through cyclic tensile loading-
unloading tests,! which were performed with unnotched and single-edge pre-notched

samples. During cyclic loading, a triangular loading profile was applied (Fig. S5, ESIT). The

maximum stretch was kept constant at Amax, while the minimum stretch was kept at 1.

The nominal stress-stretch curves of the unnotched samples were obtained over N cycles

A
of applied stretch A", The strain energy density W of the unnotched sample at the Ny,

A
cycle of applied stretch A" can be calculated as:

24

W(AN) = | sda
[ (3)

where S and 4 denote the measured nominal stress and stretch, respectively. Accordingly,

the same cyclic stretch A was applied to the pre-notched sample, measuring the evolution



of the cut length in the undeformed state € with the number of cycles N. The applied

energy release rate G in the pre-notched sample at the Ny, cycle of applied stretch Vi can
be calculated as:?

G(AN) = 2K (A% x c(N) x W(A4N) ()
where K is a slow-varying function of the applied stretch expressed as 3/\/)71, Cis the

current crack length in the undeformed configuration, and W is the strain energy density
measured in the unnotched sample. The critical energy release rate GC, which is equal to

the fatigue threshold GO, can be approximately obtained by linearly extrapolating the

G<G

dc/dN ys, G curve to intercept with the abscissa. When ¢, the fatigue crack will not

propagate under infinite cycles of loads.

Supplementary Note 2. The acquisition of 180 data points

First, the microcontroller continuously collects the voltage signal generated by the TENG
at a sampling rate of 100 Hz. When the TENG is touched, a pair of positive and negative
signal peaks will be generated; when the TENG is not touched, the voltage signal is 0.
These voltage signal values are continuously transmitted to the software side by the
microcontroller, and are buffered in a list of a certain length. When the touch occurs, the
software recognizes that the voltage signal suddenly changes from 0, and the algorithm
will automatically flash back and intercept the 49 data points before the signal value and
record the 130 data points after the signal value. After 180 data points are acquired, the
data points are automatically fed to the machine learning model to deduce the type of

material touched on the TENG.
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Fig. S1 (A) Comparison of the fractal dimension and persistence length of the filamentous
networks in Melanoma cell and BCNF. (B) SEM image of BCNF network. (C) SEM image of
the cytoskeleton of a B16F1 mouse melanoma cell. This image has been adopted from
Ref.? with permission. Copyright 2009, Springer Nature. (D) Double logarithm plot of
fractal dimension calculation. The fractal dimension was equal to the negative value of

slope.
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Fig. S2 (A) CIHI can be elongated to 40% without fracture. (B) CIHI is conductive. (C) CIHI

can be self-adapted to spherical surfaces.
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Fig. S3 Schematic illustration of the method used to calculate the fracture energy. This
schematic were adopted from Ref.* with permission. Copyright 2014, The Royal Society

of Chemistry.
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Fig. S4 Schematic depicting the length scale of [ and £ around the crack tip. This schematic

was adopted from Ref.> with permission. Copyright 2021, Annual Reviews.
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Fig. S5 Schematics of the method used to calculate the fatigue threshold. The length of
the crack was measured from the polarized images of the pre-notched sample during the
cyclic stretching tests. This schematic was adopted from Ref.2 with permission. Copyright

2021, CC BY-NC 4.0.
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Fig. S6 (A) Schematic illustration of the assembled CIHI-TENG. (B) Photograph showing the

structural integrity of CIHI-TENG maintained during 100,000 flapping-type contact

separation tests.
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Fig. S7 Results of deconvolution of amide | peak in FTIR spectrum before (A) and after (B)

100,000 contact separations of CIHI-TENG.
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Fig. S8 (A) Triboelectric stability of extremely deformed CIHI-TENG for 100,000 cycles of
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contact-separation processing. (B) Photograph showing the structural integrity of

deformed CIHI-TENG maintained during 100,000 flapping-type contact separation tests.
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Fig. S9 The sorting success accuracy of different types of balls in 120 predictions.
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Fig. S10 (A) The sorting success accuracy of different types of sharp objects in 200

predictions. (B) CIHI-TENG remained intact after identifying sharp objects.
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Fig. S11 Photograph showing the attachment of CIHI-ES to human finger.
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Fig. S12 FTIR spectra of CIHI on day 1 (blue) and day 3 (purple). The characteristic

absorption band of the FA (1381 cm™) disappeared in the spectrum for day 3,

demonstrating the removal of FA.
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Fig. S13 Adhesion strength—displacement curves obtained from the lap-shear test for CIHI

on Cu electrode and Acrylic elastomer substrates.
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Fig. S14 Schematic diagram of the polarizing optical system in tensile test.
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Table S1. The mechanical properties of CIHI, MTCIHI, Hydrated BCNF aerogel, SFl, VHB

and EL layer.

Sample Strength Strain of failure  Young's modulus  Toughness  Yield strength
(MPa) (%) (MPa) (MJ m-3) (MPa)

CIHI (AC) 4.8+0.6 63110 104 1.8+0.5 -
CIHI (MT) 712 37111 74133 1.8+0.8 4+1
Hydrated 1.4+0.2 274 2.7+0.5 0.161+0.04 -
BNC aerogel
SFI 0.27+0.04 362170 0.7+0.2 0.7+0.2 0.12+0.02
VHB 0.93+0.04 1884192 0.35+0.01 9.310.5 -
EL layer 0.4+0.1 505197 0.12+0.01 211 -
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