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Supplementary Discussion

Analysis the assembly manner of the CTAB in mica interlayer

The tilting angle 6 of the CTAB chains in the interlayer space could be calculated by equation 1':

sin@=—2, 1
5 (1)

where d and do were the doo> values of mica after and before intercalation, respectively, and L was the
length of the CTAB chain. For CTAB, the chain length was 2.5 nm. Since the doo2 value of mica at the
actual intercalation condition was 4.77 nm and the initial doo2 value of mica is 1 nm, it could be
speculated that the CTAB in the interlayer space adopted a paraffin-type bilayer configuration and the

tilting angle € with respect to the layer plane was calculated to be 48.9°.
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Supplementary Figure 1 | Exfoliation of intercalated mica using different methods and solvents.
SEM and TEM images of the products from intercalated mica by ball-milling for 24 h (a, d), and
sonication for one week with concentration of 1 wt.% in DIW (b, e), ethanol (c, f), methanol (g, j),
DMSO (h, k), and DMF (i, 1), respectively. Sonication treatment in ethanol was favor to exfoliate the

intercalated mica. Scale bars, 1 pm.
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Supplementary Figure 2 | Exfoliation of ground mica into eMica nanosheets. a, XRD patterns of
ground mica before and after calcination, intercalation, and exfoliation. After exfoliation, eMica
nanosheets exhibit weaker intensity of the diffraction peaks than ground mica, which demonstrates that
the layered structure of ground mica collapses. b, XPS spectra of ground mica and eMica nanosheets
display that the elemental composition of mica does not change before and after exfoliation, and no C
element from CTAB can be detected from eMica nanosheets. ¢, FTIR spectra of ground mica before
and after calcination, intercalation, and exfoliation, confirming that no functional groups
transformation occurs. The peaks at 2918 and 2849 cm™ in the spectrum of intercalated mica
correspond to the CH; asymmetric and symmetric stretching vibration from CTAB, but the spectrum of
eMica nanosheets does not show those peaks'.
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Supplementary Figure 3 | Characterization of ground mica. a, SEM image of ground mica. Inset is
a photograph of ground mica. Scale bar, 10 um. b, Statistical distribution of the lateral sizes of ground
mica. The size distribution of ground mica particles was measured by Nano Measurement Software
from SEM image, where at least 20 measurements of the ground mica particles were taken. ¢, d, TEM
and AFM height images of ground mica. Insert in (d) shows that its thickness is measured to be about

400 nm by AFM. Scale bars, 2 ym; z scale, -500.0 - 500.0 nm.
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Supplementary Figure 4 | Characterization of PEI-eMica. a, TEM image of PEI-eMica nanosheets.
Scale bar, 500 nm. b, Particle size distributions of PEI-eMica and eMica measured by DLS,
confirming almost no change of the particle size after PEI modification.
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Supplementary Figure 5 | Optical and structural characterization of a series of polymeric mica
films. a, Photographs of a series of polymeric mica films. b, UV-visible transmittance spectra of 60
wt.% polymeric mica film, sheet mica, and other as-prepared nacre-like composite films with same
thickness of ~25 pum. ¢, Integral areas of a series of polymeric mica films with different eMica
nanosheet content in UV region (200-400 nm). The transmittance of these polymeric mica films in UV
region was distinctly dropped with increasing eMica nanosheet content. d-f, Cross-sectional SEM
images of polymeric mica films with 20 wt.%, 40 wt.%, and 60 wt.% of eMica nanosheet content.
Scale bars, 1 um.
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- Mg-Al-LDHs

Supplementary Figure 6 [ Characterization of nanoclays. a-¢c, TEM images of MTM, kaolin, and
Mg-Al-LDHs used for assembling several other kinds of nacre-like composite films. Scale bars, 500

nm.
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Supplementary Figure 7 | Optical characterization of 60 wt.% polymeric mica film prepared on
different substrates. a, b, Photograph (a) and UV-visible transmittance spectra (b) of 60 wt.%
polymeric mica and ground mica-CS composite films on glass substrates. ¢, d, Photograph (¢) and

UV-visible transmittance spectra (d) of 60 wt.% polymeric mica and ground mica-CS composite films
on PET substrates.
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Supplementary Figure 8 | Structural comparison and XRD characterization of different films. a,
b, The cross-sectional SEM images of CS film and 60 wt.% ground mica-CS film. Scale bars, 2 nm
and 10 pm, respectively. ¢, XRD patterns of these polymeric mica films with different eMica

nanosheet content.
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Supplementary Figure 9 | Structural characterization of polymeric mica films. a, TGA curves of
eMica nanosheets and a series of polymeric mica films. b, XRD patterns of ground mica, eMica
nanosheets, and 60 wt.% polymeric mica film. ¢, Small-angle XRD patterns of ground mica, CS film,
and a series of polymeric mica films. Regarding to 20-40 wt.% polymeric mica films, the presence of
diffraction peak at 3.8° indicates the d spacing of 2.2 nm, while the new diffraction peak at 7.8° for
60-80 wt.% polymeric mica films indicates the d spacing of 1.1 nm. d-h, The elemental distribution of
a 60 wt.% polymeric mica film is observed in the SEM-EDX elemental spectrum and maps including
the presence of Si (e), Al (f), N (g) and C (h). The distributions of carbon and nitrogen from chitosan

molecules are in perfect correspondence with that of aluminum and silicon from mica. Scale bars, 20
pm.
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Supplementary Figure 10 | Polymeric mica films with controllable thickness. a-d, Cross-sectional
SEM images of 60 wt.% polymeric mica films with varying thicknesses from 5 to 40 um. Inserts are
corresponding to photographs. Scale bars, 10 um.
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Supplementary Figure 11 | Characterization of natural sheet mica. a, Cross-sectional SEM images
of natural sheet mica. Scale bars, 2 pum and 500 nm, respectively. b, XRD pattern of natural sheet mica.
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Supplementary Figure 12 | Mechanical characterization of polymeric mica films. a,
Representative stress-strain curves of polymeric mica films with different eMica nanosheet content. b,

Fracture morphology of 60 wt.% polymeric mica film displays long-distance crack deflection. Scale
bars, 50 um and 10 um, respectively.
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Supplementary Figure 13 | Interface characterization of polymeric mica film. a, Comparison of
the tensile strength of composite films assembled from eMica nanosheets modified with PEI and CS,
respectively. b, ¢, Molecular structure of PEI (b) and CS (¢). d, Zeta potential values of DIW
dispersions of PEI-eMica and CS-eMica. e, FTIR spectra of PEI-eMica nanosheets, CS, and 60 wt.%
polymeric mica film. The peak at 1656 and 1596 cm™ in the spectrum of CS are characteristics of the
C=0 stretching vibration of -NHCO- and the N-H bending of -NH>, respectively’. Characteristic
absorbance band at 1575 cm™ in the spectrum of PEI corresponds to the N-H bending of -NH>>.
Notably, in the spectrum of polymeric mica film, both the peaks of the C=O stretching vibration of
-NHCO- and the N-H bending of -NH: shift to lower wavenumbers. These results revealed dense
hydrogen bonds between CS and PEI-eMica®. All the error bars represent the s.d. of at least five
replicate measurements.
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Supplementary Figure 14 | Tensile strength of the 60 wt.% polymeric mica film after 10, 100, and
1000 cycles of bending tests with bending radius of 2.0 mm, respectively. The inset shows the

bending process of a 60 wt.% polymeric mica film. All the error bars represent the s.d. of at least five
replicate measurements.
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Supplementary Figure 15 | Microstructure of CS film after UV irradiation. a-f, SEM images of
the surfaces (a-¢) and cross sections (d-f) of pure CS film after 12 h, 36 h, and 144 h UV irradiation,
respectively. Scale bars, 1 pm.
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Supplementary Figure 16 | Microstructure of polymeric mica film after UV irradiation. a-f, SEM
images of surfaces (a-c) and cross sections (d-f) of polymeric mica film after 12 h, 36 h, and 144 h UV

irradiation, respectively. Scale bars, 1 pm.
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Supplementary Figure 17 | Electrical and mechanical characterization of polymeric mica,
ground mica-CS, and PET films. a, [-V curves of pure CS, 60 wt.% ground mica-CS, and 60 wt.%
polymeric mica film. b, Tensile strength of 60 wt.% polymeric mica and PET films. All the error bars
represent the s.d. of at least five replicate measurements.
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Supplementary Table 1 | Elemental composition of ground mica and eMica nanosheets measured

by XPS.

Element composition (wt.%)

Element Si Al O K | Mg
Ground mica 181 | 13.5 |1 609 | 3.5 | 2.0
eMica nanosheets | 18.1 | 13.3 | 61.9 | 3.0 | 2.2
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Sample Method Volume Production Ref
rate
Graphene Shear exfoliation 300 L 53gh’! 4
Graphene Intercalation with K (glovebox) / 0.9gh'! 5
GO produced by modified Hummer’s )L 0.6 gh! 5
method
Interlayer catalytic exfoliation 1
Graphene with FeClz and H>O» (glovebox) / 04gh 7
Exfoliation by chlorosulfonic acid q
Graphene and HyO» / 0.25¢gh 8
Electrochemical charging and Li
Graphene intercalation of a graphite / 0.12gh' 9
electrode
MoS, Ultrasonication in an aqueous 1L 039 g ! 10
surfactant solution
BN Ultrasound in alcohol / 0.4 gh’ 11
Ultrasonication in aqueous
WS, solutions of biopolymers or 20 mL 0.028 g h'! 12
surfactants
CoSes Ultrasonlcatlop in aqueous 10 mL / 13
solutions
Sh Ultrasonication in isopropyl 20 mL 0.00013 g h" 14
alcohol
MoS, Ultrasonication in ethanol/water 10 mL 0.012 g - 15
solutions
TaxNiSs Sonication in water / / 16
MTM Stirring in water 1L 0.018 gh! 17
Mica Microwave }rrafilated with / / 18
sonication
eMica Ultrasonication in ethanol 500 mL 1gh'! This
work

Supplementary Table 2 | Comparison of the production rate of eMica nanosheets with other
exfoliated thin nanosheets in previous works.
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Supplementary Table 3|Zeta potential values of DIW dispersions of ground mica, eMica
nanosheets, CS-eMica nanosheets, and PEI-eMica nanosheets.

Sample Zeta potential Standard deviation
(mV) (s. d.)
Ground mica -7.87 1.81
eMica nanosheets -32.23 0.87
CS-eMica nanosheets 17.2 0.93
PEI-eMica nanosheets 44.20 0.98
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Supplementary Table 4 | Comparison of mechanical and optical performances of polymeric mica
film with other nanoclay-based biomimetic films.

. Nanoclay
Materials Sgi;g;h 400-800 nm | 200-400 nm Th(lcl:nn)ess content Ref
H (Wt.%)
10%-40%
MTM/PVA 248 40-70% (300-400 20 70 19
nm)
MTM/PVA 219 18%-68% / 9 70 17
20-60%
MTM/CMC | 319 60-80% (300-400 40-50 20 20
nm)
MTII\,’[QFC/ 302 68-88% / 9 70 21
EG'E;)Y'N 265 84-88% / 25 70 2
NTS/PVA 215 50-72% / 25 76 23
SUM/PVA 150 86-90% / 25 50 23
LAP/PVA 81 95-98% / 25 45 23
20-50%
MTM/CS 100 50-80% (300-400 / 65 24
nm)
MTB;UCC SN| 13 / / / 91 25
LDH/CS 160 22-21% 0-22% / / 26
MTM/PVA 315 88-92% / / 50 27
LDH/PVA 195 / / / 16 28
MTl\i/P DD 5y / / / 70 29
%%Z%D 149 / / / 77 30
MTM/CMC | 245 / / / 20 31
Polymeric | 559 | 37.8.65.5% | 0-37.8% 25 60 This
mica film work
Polymeric | 59 | 575.84.6% | 0-57.5% 5 60 This
mica film work
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