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[bookmark: _Hlk128063409]EXPERIMENTAL SECTION
[bookmark: _Hlk136612670]Materials and reagents. Phosphoric acid (H3PO4.H2O, PA) with a purity of 99.99% was obtained from Sigma-Aldrich (China). Lauryl ether 23 was procured from JK Scientific (Turkey) with a purity of 100% and used as a non-ionic surfactant (NI). Polyimide (PI) film was purchased from Zhongshan Chenxi Technology Co., Ltd (China). Polydimethylsiloxane (PDMS) was bought from Sigma-Aldrich (China).
[bookmark: _Hlk136614648][bookmark: _Hlk137455603]Preparation of the PA-NI LC gel electrolyte. The preparation of the phosphoric acid-non-ionic surfactant liquid crystal (PA-NI LC) gel electrolyte was performed according to our previous work.S1 Firstly, 1.0 g of lauryl ether 23 was heated at its melting point of 50 oC. Then, it was mixed with 7.6 g of phosphoric acid (PA, 85.0% wt/wt) in a 20 mL glass vial. This mixture was homogenized at 80 oC for 15 min to obtain the LC gel phases. 
Characterization. The crystal structure was characterized by X-ray diffraction (XRD; D8 Advanced, Bruker) using Cu Kα radiation in the 2θ range of 10° to 80°. Raman spectroscopy measurements were performed on a Laser Raman spectrometer (HORIBA) using a 532-nm laser diode as excitation source. Visible light was focused by a 50× objective. The scattered light was collected by the same objective in backscattering configuration, dispersed by an 800 mm focal length monochromator and detected by a CCD camera. X-ray photoelectron spectra (XPS) were recorded on a photoelectron spectrometer (ESCALAB Xiþ, ThermoFisher Scientific) with Al Kα as the X-ray source. The laser confocal scanning microscope (LCSM) images were obtained by using OLS4000 microscope. SEM images were acquired to observe the morphology and structure of as-prepared samples using a field-emission scanning electron microscope (FESEM; Gemini SEM 500, Zeiss, 15 kV). Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) micrographs, and selected area electron diffraction (SAED) were recorded with a transmission electron microscope (TEM; JEM-F200, JEOL) operating at 200 kV. Elemental characterization was conducted with an energy dispersive X-ray spectrometer (EDS) through areal elemental mapping and analysis. 
Electrochemical measurements. Cyclic voltammetry (CV) curves were collected at different scan rates (100 - 500 mV·s-1). Galvanostatic charge-discharge (GCD) measurements were recorded at various current densities ranging from 0.08 to 0.4 mA·cm-2. Electrochemical impedance spectroscopy (EIS) was performed in the frequency range from 10-2 Hz to 105 Hz. 
[bookmark: _Hlk136617552][bookmark: _Hlk129007801]Electrochemical measurements. The Gamry Reference 600+ electrochemical workstation was applied in this work to perform the electrochemical measurements, including CV, GCD and electrochemical impedance spectroscopy (EIS) tests. 
[bookmark: _Hlk128037952]The areal capacitance was calculated from the GCD profiles using equation (S1):

where C (mF·cm-2) is the areal capacitance, I (A) is the discharge current, Δt (s) represents the discharge time, A (cm-2) is the whole footprint area of active interdigitated electrodes, and ΔV (V) is the discharge voltage window.
The areal energy density (E, μWhcm-2), areal power density (P, μWcm-2), volumetric energy density (E, mWhcm-3) and volumetric power density (P, mWcm-3) of the MSC devices were calculated using equations (S2-5), respectively:




where C (mFcm-2) stands for the areal capacitance, ∆V (V) is the potential window of discharge, Δt (s) is the discharge time, T (cm) is the thickness of the electrode.
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Figure S1. CV plots of LG-based MSCs devices with electrode widths of (a) 400 μm, (b) 500 μm and (c) 600 μm measured in PA-NI LC gel electrolyte at 500 mV·s-1.
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[bookmark: _Hlk167808903]Figure S2. GCD profiles of LG-based MSCs devices with electrode widths of (a) 400 μm, (b) 500 μm and (c) 600 μm measured in PA-NI LC gel electrolyte at various current densities.



[bookmark: _Hlk167809298]Figure S3. Electrochemical impedance spectra of LG-based MSCs with PA-NI LC gel electrolyte. The insert in upper-right corner is the corresponding equivalent circuit of the EIS results. The insert in lower-right corner is the magnified spectra.
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[bookmark: _Hlk159318908][bookmark: _Hlk159576276]Figure S4. Stretch stability test of MSC-300 device under 100% stretch strain after different stretching cycles.


[bookmark: _Hlk167805738][bookmark: _Hlk112263033]Table S1. Resistance values of as-prepared MSCs. 
	Electrode width (μm)
	Intrinsic resistance
[bookmark: _Hlk127988541](Rs) / ohm cm-2
	Charge transfer resistance (Rct) / ohm cm-2

	300 
	0.03
	1121.0

	400 
	0.07
	1143.2

	500 
	0.13
	1163.2

	600 
	0.18
	1256.0

	300-after 12 months
	787.5
	309.4
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[bookmark: _Hlk148473025]Table S2. Energy densities comparison of different MSCs. 
	[bookmark: _Hlk148538860]Device
	Energy density
	Power density

	Symmetric sucrose-derived carbon MSC11
	0.3 mWhcm-3
	100 mWcm-3

	Symmetric O/N/S co-doped graphene MSC22
	7.3 µWh/cm2
	40 μWcm-2

	Symmetric laser-induced graphene MSC27
	0.256 µWh/cm2 
	110 μW/cm2

	Symmetric rGO/CNT MSC28
	0.31 μWhcm-3
	89.5 mWcm-3

	Symmetric Ox-SWCNT-MSC-IPL MSC29
	0.51 μWhcm-2
	590 μWcm-2

	Asymmetric MnO2//OLC MSC30
	0.57 μWhcm-2
	8 μWcm-2

	Asymmetric EG20L//nGO20L MSC31
	0.02 μWhcm-2
	0.4 μWcm-2

	Symmetric EEG MSC32
	0.075 μWhcm-2
	7.5 μWcm-2

	[bookmark: _Hlk148449853]Symmetric extrusion-printed MXene MSC33
	0.32 μWhcm-2
	11.4 μWcm-2

	Symmetric graphene-CNT composite MSC34
	1.36 μWhcm-2
	26 μWcm-2

	[bookmark: _Hlk148470267]Symmetric graphene-based MSC35
	5.9 μWhcm-2
	300 μWcm-2

	This work
	0.72 μWhcm-2
(0.36 mWhcm-3)
	55.07 μWcm-2
(27.54 mWcm-3)
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