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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Note S1 Molecular dynamics (MD) simulations
In the MD simulations, 14 PVDF-TrFE molecular chains and one MXene nanosheet with -OH surface terminations form the model, having an initial polymer density of 1.3 g cm-3. Each PVDF-TrFE molecular chain contains 10 TrFE and 40 VDF monomers, corresponding to molar concentrations of 20 mol% TrFE and 80 mol% VDF. The atomic partial charges of PVDF-TrFE molecular chains and MXene are adopted from the first-principal calculations. For equilibration, the polymer chains and MXene nanosheet are initially geometry optimized and energy minimized. The Universal Force Field is utilized to describe the interactions of the PVDF-TrFE chains and MXene nanosheet. For equilibration, the model is simulated in the NVT (constant number of atoms, volume, and temperature) ensemble at 298 K for first 2 ns and under an electrical field of 1 V nm-1 for another 2 ns. The Newton’s equations of motion were integrated using the velocity-Verlet algorithm with a time step of 1 fs. Temperature and distribution of atomic velocities in a system are related through the Maxwell-Boltzmann equation. Van der Waals and electrostatic interactions were considered and the cut-off distance of non-bonded van der Waals interactions was set as 15.5 Å. All the MD simulations were carried out using Materials Studio software.
Note S2 Density functional theory (DFT) calculations
In the density functional theory calculations, the polymer chains contain 1 TrFE and 4 VDF monomers, corresponding to molar concentrations of 20 mol% TrFE and 80 mol% VDF. The MXene nanosheet supercell with -OH termination of 2×2 lateral size is used. The density functional theory calculations of electrostatic potential are performed using Dmol3 module. The generalized gradient approximation (GGA) and the Becke exchange functional and the Lee-Yang-Parr correlation (BLYP) are used for the exchange-correlation energy. The convergence tolerance of electronic self-consistent energy and force is 1.0×10-6 eV∙atom-1 and 0.05 eV∙Å-1. The adsorption energy (ΔE) in H2O/PVDF-TrFE model is determined as:

where EH2O/PVDF-TrFE, EH2O and EH2O/PVDF-TrFE refer to the total energy of the H2O/PVDF-TrFE model, the energy of the H2O and the energy of the PVDF-TrFE molecule, respectively. All the calculations are carried out by the Materials Studio software.
Note S3 Dielectric breakdown measurement
The dielectric breakdown of MX-P composites is performed via the Dielectric Withstand Voltage Test System at a ramping rate of 500V s-1 and a limit current of 5 mA.
The dielectric breakdown behavior of the MX-P composites is analyzed by a two-parameter Weibull distribution function as follows:

Where E is the measured breakdown field, P(E) is the cumulative probability of electric breakdown at E, Eb is the statistical breakdown strength, corresponding to the P(E) equals 63.2%. The Weibull parameter β is an evaluator of the experimental breakdown field distribution. 
Note S4 Simulations of dielectric breakdown 
The dielectric breakdown behavior is sensitive to temperature according to the breakdown theory proposed by Wagner et al. The breakdown function as follows:

Where β is the coefficient of heat release, T0 is the initial temperature of system, S and ρ are the area and resistivity of conductive channel in dielectric, α is the coupling coefficient between conductivity and temperature. In this work, the current function in the dielectric is expressed as follows:


Where J and Qj are the flux and electric charge, σ and D are the conductivity and electric displacement polarization, Je is the externally generated current density. Furthermore, the thermal function in the dielectric is descripted as follows:


Where q is the conductive heat flux, dz is the thickness of domain in the z direction, k is the thermal conductivity. ρ is density, Cp is the specific heat capacity at constant pressure, μ is fluid velocity vector, q0 is the inward heat flux and Qted is the thermoelastic damping. Moreover, the dielectric will undergo an irreversible phase transition when the temperature exceeds the critical value, causing the conductance of the model to increase sharply. Thus, the association function between conductivity and heat has been considered in the simulation.
Supplementary Figures
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Fig. S1 Preparation and characterization of MXene nanosheets. a Schematic illustration of proceeding MXene by LiF/HCl etching method. b Particle size distribution of MXene measured by laser particle size analyzer (LPA). c AFM image and corresponding height profile along the line of MXene nanosheets. Scale bar is 200 nm. d TEM image of MXene nanosheets. Inset shows the selected area electron diffraction (SAED) pattern. Scale bar is 200 nm and 50 nm in the inset
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Fig. S2 MD simulations of the overall PVDF-TrFE molecular chains distribution on the surface of MXene flat as a function of time. a Mean squared displacement of overall molecular chains in 2 ns. b Comparative concentration evolution of overall molecular chains along the [010] and [100] directions
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Fig. S3 DFT calculations for the interaction of PVDF-TrFE with MXene and PVDF-TrFE with H2O. a DFT calculations of potential distribution and electron transfer for MX-P. b DFT calculations of potential distribution and electron transfer for H2O/PVDF-TrFE. c The interaction energy between PVDF-TrFE with H2O
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Fig. S4 XPS analysis of MXene and the corresponding binding energy spectra of F and C elements. a XPS survey spectra of MXene on a silicon substrate. b The deconvoluted F 1s core-level spectrum. c The deconvoluted C 1s core-level spectrum
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Fig. S5 Analysis of the hydrogen bonding characteristics between the MXene and PVDF-TrFE molecular chains. a Statistics of hydrogen bond angles throughout the entire time period and the distribution analysis. b Radial distribution function of PVDF-TrFE molecular chains and H, F on it
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Fig. S6 Dipole evolution analysis of the overall PVDF-TrFE molecular chains in [100], [010], [001] three directions. a Comparative dipole evolution in [100], [010], [001] three directions as a function of time. b Dipole intensity variation diagram in [001] direction
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Fig. S7 MD simulations of the overall system after balancing with an extra electric field for 2ns. a Final (t=4 ns) snapshot for MD simulations of the polarization of PVDF-TrFE at the interface. b Relative concentration distribution functions of H and F element on the surface of MXene nanosheets. c Comparative dihedral angles distribution of PVDF-TrFE chains near the 180o (all-trans) at 1ps, averaged over 2 ns and 4 ns[image: ]
Fig. S8 Characterization of morphology and elemental composition of porous MXene/PVDF-TrFE (MX-P) composite. SEM image and corresponding elements map of F, O, Ti, C, Cl derived from energy dispersive spectrometer
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[bookmark: OLE_LINK1]Fig. S9 Photographic and SEM images of porous MX-P film. Scale bars are 100 μm, 50 μm and 5 μm, respectively. The images of porous MX-P film present the detail structure and potential for large-scale fabrication
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Fig. S10 Mechanical characterization of porous MX-P. a Initial and post-strain digital images of porous MX-P under uniaxial tension. b Puncture strength measurement of porous MX-P
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Fig. S11 Model and temperature maps’ snapshots of dielectric breakdown simulations. a Models of composite with MXene oriented and random distribution. b The temperature maps’ snapshots of composite with MXene oriented and random distribution after breakdown
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Fig. S12 Schematic diagram of electric properties measurement setup. Steady dynamic force is supported by linear motor and optical table. The force values are recorded by force sensor in real time. Electric output was recorded by Keithley 6517, and the faraday cage shields the system from electrostatic charges and electromagnetic interference
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Fig. S13 Pressure distribution simulation for porous PVDF-TrFE. a Model of the PVDF-TrFE with porous structure. b Pressure and c corresponding potential distribution of the porous PVDF-TrFE under pressure. d Vertical section of the potential distribution
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Fig. S14 Models and pressure distribution simulation of MX-P with different structure. a Dense MX-P with MXene random distribution. b Dense MX-P with MXene oriented distribution. c Porous MX-P with MXene random distribution. d Porous MX-P with MXene oriented distribution
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Fig. S15 Electric output of different composite films. a Comparative electric output of porous MX-P with MXene oriented distribution (Porous-Oriented), dense MX-P with MXene oriented distribution (Dense-Oriented) and dense MX-P with MXene random distribution (Dense-Random). b Electric output of composite as a function of pressure at an excessive MXene concentration (7.5 wt%)
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Fig. S16 Moisture permeability measurement of composite film. The moisture permeability of porous composite film is about 500 g m-2·day-1, and it fluctuates with ambient humidity
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[bookmark: _Hlk197678696]Fig. S17 Cytotoxicity testing and radial artery pulse signal detection. a Live/dead staining results L929 fibroblasts cultured on porous MX-P after 72 h. Scale is 100 μm. Live cells are stained green and dead cells are stained red. b Radial artery pulse wave detected by the sensor attached to wrist
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Fig. S18 Display of the sensor array fabrication and schematic diagram of wireless pressure detection system. a Single side electrode on PDMS (left) and complete sensor array (right). b The wireless pressure detection system is composed of sensor array, SCM and mobile phone as termination
[image: ]
Fig. S19 Single point test of sensor array. Each sensor in array can detect pressure independently with high signal-to-noise ratio
Supplementary Tables
Table S1 Structural characteristics of porous MX-P composite
	Total intrusion volume: 2.2956 ml g-1

	Total pore area: 7.737 m2 g-1

	Median pore diameter (volume): 1722.36 nm

	Average pore diameter (4V/A): 1186.76 nm

	Permeability: 2828.9235 mdarcy

	Porosity: 76.00778%

	Characteristic length: 78002.48 nm

	Tortuosity factor: 1.37

	Calculated porosity: 76.0778%


Table S2 Comparison of piezoelectric performance between different materials
	[bookmark: _Hlk151729559]Nanocomposite
	Stability (cycles)
	Sensitivity
	Output current (nA)
	References

	CNT/PVDF
	15000
	0.056 V N-1
	60
	[S1]

	MXene/PVDF
	─
	0.048 V N-1
	─
	[S2]

	ZnO/PVDF
	5000
	3.12 V MPa-1
	10
	[S3]

	ZnO
	─
	0.5 V MPa-1
	7
	[S4]

	PVDF-TrFE
	3000
	4.56 V MPa-1
	─
	[S5]

	GaFeO3/PVDF
	─
	─
	4
	[S6]

	hβ-PVDF
	10000
	─
	30
	[S7]

	This work
	24000
	6.39 V MPa-1
	60
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