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1. Methods 

Preparation of PVA-MMT nanocoatings. As presented in Figure S1a, a polyvinyl alcohol 

(PVA) solution was prepared by dissolving PVA pellets in deionized (DI) water with the 

assistance of brief heating. MMT powders were dispersed in DI water with the assistance of 

stirring for 30 min followed by brief ultrasonication (Branson 8510R-MT, 250 W, 44 kHz) to 

ensure a uniform exfoliation. Subsequently, the PVA solution was slowly added to the MMT 

aqueous dispersion to achieve a total solid concentration of 1.5 wt. %, where the MMT 

loading fraction in the total solids was varied (e.g., for a 50 wt. % MMT loading, 0.75 wt. % 

MMT + 0.75 wt. % PVA + 98.5 wt. % of DI water was used). The mixture was stirred for an 

additional 30 min followed by a brief period of ultrasonication to ensure uniform dispersion. 

The surfaces of the PS films (10 µm in thickness) were pre-processed to reduce the surface 

energy and improve the wettability with a corona discharge treater (Electro Technic Products 

BD-20AC Laboratory) with a 3-inch field effect electrode (operating at 45 kV and 4.5 MHz), 

which was waved ca. 1.5 inches above the film in a steady uniform horizontal pattern across 

the entire surface on each side of the film. The PS films were dip-coated with the above-

Supplementary Information (SI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2025



mentioned aqueous dispersion and then vertically hung in an oven to be dried at 60 °C. The 

low viscosity dispersion helped to generate a quick flow and a thin liquid layer, both of which 

are favorable for achieving a high level of orientation of MMT nanosheets. The coating 

process was repeated twice, four times, six times, or eight times with the films being rotated 

180° before the next cycle of dip coating to maintain an even coating layer on the substrate 

surface, generating coatings with a thickness of 155 ± 2 nm (twice), 324 ± 6 nm (four times), 

446 ± 5 nm (six times), and 621 ± 8 nm (eight times). Flexible, transparent PS films with and 

without the PVA/MMT coating (50 wt. % MMT, 324 ± 6 nm) are shown in Figure S1b and 

S1c. 

Analysis of SAXS. SAXS patterns are shown in Figure S2. The first-order Bragg peaks (𝜃𝐵) 

were observed from the SAXS profiles, with their intensity increasing as the 𝜑 value 

approaches the Bragg angle. The rocking curve is presumably symmetric with respect to 𝜃 =

𝜃𝐵. The intensities at 2𝜃𝐵 as a function of 𝜑, were plotted and then fit using the Lorentz 

distribution as follows: 
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where 𝐼0 is the background, 𝐴 is the area under the curve, and 𝑤 is the FWHM. 

Measurement of space charge and electric field distortion. As shown in Figure S3, pressure 

pulse is generated when the pulsed laser irradiates the metal electrode on film, disturbing the 

chare distribution, which generated the current in external circuit. The short-circuit current is 

given by: [S1] 
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where 𝜒 is the compressibility of film, 𝑃 is the amplitude of pressure pulse, 𝐴 and 𝑑 

are the area and thickness of film, 𝜌 is the charge density and 𝑧 = 𝑐𝑡 is the space 

coordinate. 

Then the internal electric field can be calculated by Poisson's formula, and the distortion of 

the electric field can be obtained further. 

2. Properties 

Patterns of the breakdown regions. As presented in Figure S4, the size of PS and PSMMT 

perforations varies in each experiment, but there are always radial traces on the surface of 

PSMMT film, providing the channel for charge release. 

Integrated Conduction and dielectric constant. As shown in Figure S5. 

Storage characteristic. The D-E hysteresis loop of PS and PSMMT is shown in Figure S6. It 

has been tested under 100Hz half-sinusoid. The calculated of discharged energy density and 

charge-discharge efficiency can be obtained using the method in Supporting information of 

reference. [S2] 
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Figure S1. Preparation of PVA-MMT nanocoatings. (a) Schematic of the self-assembly 

coating process. Photo of (b) the uncoated and (c) PVA-MMT coated PS films. 

  



 
Figure S2. SAXS patterns of the 4-cycle nanocoatings containing (a) 10 wt. %, (b) 30 wt. %, 

(c) 50 wt. %, and (d) 65 wt. % MMT nanosheets. 



 
Figure S3. Measurement of high precision space charge. (a) Principle and (b) Device 

schematic of Laser Induced Pressure Pulse (LIPP). 
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Figure S4. Patterns of the breakdown regions of (a-b) PS ans (c-d) PSMMT.  
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Figure S5. Some other properties of PS and PSMMT. (a) Integral conduction current density 

and (b) permittivity of PS and PSMMT. 
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Figure S6. The D-E hysteresis loop of (a) PS and (b) PSMMT. 
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