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S1 Methods
[bookmark: _Hlk164024272]Synthesis of SiO2 nanoparticles [S1]. For the synthesis of 158 nm SiO2 nanoparticles, 225 mL of anhydrous ethanol (AR, ≥ 99.7%, Sinopharm), 30 mL of distilled water, and 5 mL of ammonium hydroxide solution (25–28%, Macklin) were mixed and stirred for 30 min, to which 15 mL of tetraethyl orthosilicate (TEOS, 99%, Aladdin) was added in three times (i.e., 5 mL per time) under stirring. The obtained solution was then kept stirred for 2 h at ambient temperature. After reaction, the white precipitate was filtrated, washed with anhydrous ethanol three times, and dried at 80 °C overnight under vacuum in sequences, obtaining the 158 nm SiO2 nanoparticles. The synthesis of 488 nm SiO2 nanoparticles is similar to the above one, except that the feed ratios and reaction time are somewhat different. Specifically, 81 mL of anhydrous ethanol and 24 mL of ammonium hydroxide solution were mixed and stirred for 30 min, to which 4.2 mL of TEOS was added under stirring. The solution was subsequently kept stirred for 1 h at room temperature, obtaining white precipitate. The collection, washing, and drying processes of the white precipitate were the same to the previous procedures.
[bookmark: _Hlk163471351]Preparation of PVH, SiO2-in-PVH, and PVH-in-SiO2 CSEs. The CSE films were prepared by a simple solution-cast method. Typically, 0.6 g of PVH (average Mw = 455000, Macklin) and 0.6 g of LiTFSI (99.9%, Macklin) were added in 6 mL of N,N-dimethylformamide (DMF, AR, 99.5%, Macklin), which was kept stirred until the PVH and LiTFSI were dissolved to form a transparent solution. Subsequently, different weight ratios of SiO2 nanoparticles were added (i.e., SiO2/PVH = 0/100, 20/100, and 70/100), followed by stirring for another 12 h. The obtained homogeneous dispersion was cast into a petri dish, which was initially dried in an air circulation oven at 30 °C to remove most of the DMF solvent and then dried in a vacuum oven at 120 °C for 24 h. After the temperature cooled down, a white film was obtained, followed by storing in an Ar-filled glove box for further investigations. The films with SiO2/PVH weight ratio of 0/100, 20/100, and 70/100 were denoted as PVH, SiO2-in-PVH, and PVH-in-SiO2, respectively. The preparation of PVH-in-SiO2-Na and PVH-in-SiO2-K films is same to that of PVH-in-SiO2, except that the LiTFSI was replaced by NaTFSI and KTFSI, respectively.
Material Characterization. XRD patterns were recorded by a Haoyuan DX-2700BH diffractometer (Cu Kα, λ = 1.5418 Å). SEM images were acquired by a FEI Sirion field emission scanning electron microscope. Thermogravimetric (TG) curves were recorded under nitrogen atmosphere from ambient temperature to 800 °C with a ramping rate of 10 ℃/min. Raman spectra were collected by a WITec Alpha 300 Access spectrometer. SSNMR spectra were recorded by an Agilent 600 DD2 spectrometer with a magnetic field strength of 14.1 T at the resonance frequency of 233.08 MHz. Dipole decoupling magic-angle spinning (DD/MAS) was employed during the acquisition process. The samples for SSNMR experiment were placed in a pencil-type zirconia rotor with a 4.0 mm outside diameter. The rotor was spun at the speed of 8 kHz with a recycle delay of 5 s. The chemical shift was referenced to LiCl.
Electrochemical tests. All cells were assembled using CR2032-type coin cells unless otherwise specified. The ionic conductivity was calculated based on EIS profiles, which were recorded at the frequency range from 106 to 10−1 Hz and an applied amplitude of 5 mV using symmetric cells with stainless steel (SS) electrode (viz., SS|CSEs|SS). The electrochemical stability was confirmed by LSV at the scanning rate of 0.1 mV s−1 from 1.0 to 6.0 V using asymmetric SS|CSEs|Li cells. The Li+ transference number was tested by applying a 10 mV direct current (DC) polarization voltage on symmetric Li|CSEs|Li cells. The EIS, LSV, and DC polarization were conducted using a BioLogic SP-150 electrochemical station. GCD profiles of symmetric cells were recorded by LAND CT2001A and NEWARE MIHW-200-160CH battery testers at various current densities. All measurements were conducted at 25 °C unless otherwise noted. All cells were rested overnight before testing.
Full cell assembly. The cathode material (LFP, NCM622, NVP, or KPB) was mixed with conductive additive (super P) and binder (poly (vinylidene difluoride)) at a weight ratio of 80:10:10. The mixture was dispersed in N-methylpyrrolidone (NMP) to form a homogenous slurry, which was coated on Al foils, followed by a vacuum-drying at 120 °C for 12 h. The mass loadings of LFP, NCM622, NVP, and KPB are 1.5–2.5, 2.5–3.5, 2.5–3.5, and 1.0–1.5 mg cm−2, respectively. Note that the high-mass-loading LFP cathodes (8.0–11.0 mg cm−2) were also prepared using the same approach, except that the thickness of the coated slurry on Al foils were different. These cathodes were paired with different alkali metal anode to assemble full cells, which were tested on a NEWARE MIHW-200-160CH battery tester. Note that 5 μL of liquid electrolyte (1M LiPF6 in EC: DEC= 1:1 vol % for LFP|Li, 1M NaClO4 in PC: FEC= 95:5 vol % for NVP|Na, and 4M KFSI in EC: DEC= 1:1 vol % for KPB|K) was added on the cathode surface, improving its contact with CSEs and facilitating the Li+ diffusion in cathodes. The galvanostatic discharging/charging (GCD) tests were carried out with a voltage range of 2.8–4.2 V for LFP|Li full cells, 3.0–4.3 V for NCM622|Li full cells, 2.2–3.8 V for NVP|Na full cells, and 2.0–4.25 V for KPB|K full cells. All cells were rested overnight before testing. All electrochemical tests were conducted under 25 °C.
[bookmark: _Hlk163478982]DFT calculations. DFT calculations were performed by the Vienna Ab Initio Package (VASP) within the generalized gradient approximation (GGA) using the Perdew, Burke, and Enzerhof (PBE) formulation. [S2-S4] The ionic cores were described by projected augmented wave (PAW) potentials and the valence electrons were taken into account employing a plane wave basis set with a kinetic energy cutoff of 450 eV. [S5, S6] The Gaussian smearing method with a width of 0.05 eV was utilized to allow for partial occupancies of the Kohn-Sham orbitals. The electronic energy was considered self-consistent when the energy change was smaller than 10−4 eV. A geometry optimization was considered convergent when the force change was smaller than 0.05 eV/Å. The dispersion interactions were described using Grimme's DFT-D3 methodology. The equilibrium lattice constants of structures were optimized when using a 1×1×1 Monkhorst-Pack k-point grid for Brillouin zone sampling. The Li ions migration barriers in the SiO2 Slab, SiO2-SiO2, PVH + LiTFSI with SiO2 slab structures were calculated by employing the Climbing Image-Nudged Elastic Band methods. In addition, the nudged elastic band (NEB) method and the dimer method are employed to calculate the dissociation energy of LiTFSI. In the NEB method, the path between the reactant and product is discretized into a series of structural images. The image that is closest to a likely transition state structure was then employed as an initial guess structure for the dimer method.
[bookmark: OLE_LINK1]MD simulations. MD simulations were conducted using the Gromacs 2019.6. [S7] The simulation setups involved the uniform blending of 373 Li+ ions and 373 TFSI– ions with 100 PVH chains (each PVH chain was composed of five vinylidene fluoride units and five hexafluoropropylene units). In addition, 52 and 182 SiO2 nanospheres (with a diameter of 0.8 nm) were incorporated to simulate the PVH-in-SiO2 and SiO2-in-PVH systems, respectively. The GAFF force field [S8] and RESP atomic charges [S9] were utilized to model PVH and TFSI–, which were derived via the Multiwfn program by fitting them to the electrostatic potential calculated at the B3LYP-D3/def2TZVP level of theory in Gaussian 16. Parameters proposed by Semino [S10] and Heinz [S11] et al. were employed to describe Li+ and SiO2 nanospheres, respectively. The Lennard Jones (LJ) potential with a cut-off value of 1.2 nm was employed to describe van der Waals interactions. Lorentz-Berthelot mixing rules were used to obtain the LJ parameters between different atom pairs. Electrostatic interactions within a short range were truncated at 1.2 nm, while the long-range interactions were calculated utilizing the particle-mesh Ewald method. All initial configurations were energy-minimized, followed by equilibration at 298.15 K and 1 bar for 5 ns. Finally, 20-ns production runs were carried out under the NPT ensemble (298.15 K, 1 bar) with a time step of 1 fs. Equations of motion were integrated by the leap-frog algorithm. Three-dimensional periodic boundary conditions were applied throughout simulations.
Finite element analysis. COMSOL Multiphysics 6.2 software was used for the simulation. The current physics field of the AC/DC module was employed to conduct the simulation analysis. Geometry creation is the basic step in building a model. It involves defining the physical shape and spatial layout of the model. According to the complexity of the model, the two-dimensional space is selected. In the current physics field, the upper boundary potential is set to 1mV, the lower boundary is grounded, and the current is conserved in different regions. By simulating and analyzing several different structures, the electric field distribution on the electrode surface is obtained. The formulas are as follows:



where,  is the current density (mA cm−2),  is the charge density (C m−3), σ is the ionic conductivity (S m−1),  is the electric field intensity (V m−1), and  is the applied potential (V).
S2 Supplementary Figures and Tables
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Table S1 Densities of active ceramics, passive ceramics, and PVH
	Type
	Substances
	Density (g cm−3)
	Refs.

	Active ceramics
	Li7La3Zr2O12 (LLZO)
	5.10
	[S12, S13]

	
	Li0.33La0.57TiO3 (LLTO)
	5.04
	[S14, S15]

	
	Li1+xAlxGe2−x(PO4)3 (LAGP)
	3.56
	[S16-S19]

	
	Li1.3Al0.3Ti1.7(PO4)3 (LATP)
	2.94
	[S20-S22]

	
	Li10GeP2S12 (LGPS)
	1.99
	[S23]

	
	LiPSCl
	1.81
	[S24, S25]

	
	Li3YCl6
	2.45
	[S26]

	Passive ceramics
	SiO2
	2.20
	[S27, S28]

	
	Al2O3
	3.40–4.00
	[S29, S30]

	
	TiO2
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]3.90–4.30
	[S31, S32]

	
	MgO
	3.60
	[S33, S34]

	
	ZnO
	5.60
	[S35, S36]

	Polymer
	PVH
	1.76–1.80
	[S37]


The density of SiO2 is approaching to that of PVH, indicating that they occupy similar volumes when they have the same weight. Consequently, we can achieve an innovative "polymer guest-in-ceramic host" (i.e., PVH-in-SiO2) architecture with minimized SiO2/PVH weight ratio when compared to other active ceramics such as LLZO and LATP (see examples in Fig. S1a, b).
[image: ]
Fig. S1 (a) SEM images of previously reported CSEs based on active ceramics, exhibiting traditional "ceramic guest-in-polymer host" architectures. [S38-S43] (b, c) Illustration of morphology comparison of (b) traditional "ceramic guest-in-polymer host" and (c) our innovative "polymer guest-in-ceramic host" architectures. a were adapted with permissions S38-S43]
It is worth pointing out that many papers proposed high ceramic/polymer weight ratios (up to 400/100 wt%) to increase interfacial contacts. Although they used the term "polymer-in-ceramic" in their papers, the ceramics were still dispersed in polymer matrices (Fig. S1a), forming traditional "ceramic guest-in-polymer host" architectures (Fig. S1b) instead of the "polymer guest-in-ceramic host" (Fig. S1c).


Table S2 Comparison of ionic conductivity (at 25 °C) and residual solvent content of our PVH-in-SiO2 with previously reported CSEs and polymer solid-state electrolytes
	Solid-state electrolytes
	Ionic conductivity
(mS cm−1)
	Residual solvent
(wt%)
	Refs

	PVH-in-SiO2
	1.32×10−3
	2.9
	This work

	BTO/LLTO/PVDF
	8.2×10−4
	14.4
	[S44]

	Defective PVH
	7.84×10−4
	17.6
	[S45] 

	2D SiO2/PVH
	3.7×10−4
	1.5
	[S46]

	NaNbO3/PVDF
	5.56×10−4
	14.3
	[S47]

	d-HNTs/PVDF
	2.9×10−4
	3.95
	[S48]

	Si3N4/PVDF
	5.7×10−4
	12.9
	[S49]

	PbZrxTi1−xO3/PVDF
	1.16×10−4
	7.9
	[S50]

	LATP/PVDF
	6.0×10−4
	16.6
	[S51]

	PVDF
	1.18×10−4
	15.0
	[S52]

	PVH
	1.2×10−4
	13.0
	[S53]

	POE-F
	1.7×10−4
	8.8
	[S54]

	PVDF-LPPO
	4.84×10−4
	18.9
	[S55]

	P(VDF-TrFE-CTFE)
	3.1×10−4
	9.9
	[S56]

	PCL-MDI-DBNPG
	2.2×10−4
	3.8
	[S57]

	LLZTO/PVDF
	1.2×10−4
	7.0
	[S58]

	Molecular sieves/PVDF
	4.5×10−4
	17.4
	[S59]

	CuPcLi/PVT
	8.0×10−4
	10.0
	[S60]



[image: ]
Fig. S2 Diameter statistics diagram of the SiO2 nanoparticles in Fig. 2c

[image: ]
Fig. S3 Unprocessed SEM images of Fig. 2c–f: (a) SEM images of SiO2 nanoparticles. b–d, Top-view SEM images of (b) PVH, (c) SiO2-in-PVH, and (d) PVH-in-SiO2 CSEs


[image: ]
Fig. S4 (a, b) Top-view and (c–e) cross-sectional SEM images of PVH. (f) Diameter statistics diagram of the PVH spheres. These SEM images are supplementary to that in Fig. 2d, further demonstrating the interconnected sphere morphology of PVH and the existence of voids
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Fig. S5 Unprocessed SEM images of Fig. S4: (a, b) Top-view and (c–e) cross-sectional SEM images of PVH


[image: ]
Fig. S6 (a, b) Top-view and (c–e) cross-sectional SEM images of SiO2-in-PVH. These SEM images are supplementary to that in Fig. 2e. These images further demonstrate the formation of SiO2-in-PVH morphology, because 1) the voids in the PVH matrix are unevenly and partially filled by SiO2 nanoparticles, and 2) the PVH spheres are loosely covered by SiO2 nanoparticles
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Fig. S7 Unprocessed SEM images of Fig. S6: (a, b) Top-view and (c–e) cross-sectional SEM images of SiO2-in-PVH



[image: ]
Fig. S8 (a, b) Top-view and (c–e) cross-sectional SEM images of PVH-in-SiO2. These SEM images are supplementary to that in Fig. 2f. These images further demonstrate that the SiO2 nanoparticles fully fill the voids and cover the PVH spheres, maximizing the interfacial contact between PVH and SiO2 nanoparticles and forming interconnected interfacial highways for Li+ conducting

[image: ]
Fig. S9 Unprocessed SEM images of Fig. S8: (a, b) Top-view and (c–e) cross-sectional SEM images of PVH-in-SiO2
[image: ]
Fig. S10 EIS curves of SS|CSEs|SS symmetric cells using (a) PVH, (b) SiO2-in-PVH, and (c) PVH-in-SiO2 as CSEs at 25 °C. For each sample, five cells (i.e., specimens) were assembled and tested. The corresponding ionic conductivities were calculated and plotted in Fig. 2g
[image: ]
Fig. S11 (a–c) Typical EIS curves of SS|CSEs|SS symmetric cells using (a) PVH, (b) SiO2-in-PVH, and (c) PVH-in-SiO2 as CSEs at different temperatures. Note that five cells (i.e., specimens) were assembled and tested for each sample, but only one EIS curve was plotted for each sample because of the limited layout. (d–f) Ionic conductivities (σ) of (d) PVH, (e) SiO2-in-PVH, and (f) PVH-in-SiO2 at different temperatures, which were calculated from the corresponding EIS curves
[image: ]
Fig. S12 Typical DC polarization curves of Li|Li symmetric cells using (a) PVH, (b) SiO2-in-PVH, and (c) PVH-in-SiO2 as CSEs. The insets are the corresponding EIS curves before and after the DC polarization. All measurements were conducted with a DC polarization voltage of 10 mV and at 25 °C. Note that five cells (i.e., specimens) were assembled and tested for each sample, but only one DC polarization curve and corresponding EIS curves were plotted for each sample because of the limited layout. The corresponding Li+ transference numbers were calculated and plotted in Fig. 2i
Note that the Li+ transference number was calculated by the Bruce-Vincent-Evans equation of t = , where I0 and Is stand for the initial and steady-state direct current polarizations, respectively; ∆V represents the applied polarization voltage (10 mV); R0 and Rs indicate the impedance of Li metal surface passivation layer before and after polarization.
The EIS profiles before and after polarization were fitted using the following equivalent circuit. Rb represents the impedance of CSE; Rint denotes the interfaces impedance between the PVH and SiO2, and Rct represents the impedance of charge transfer at the CSE (i.e., PVH, SiO2-in-PVH, and PVH-in SiO2) and electrode (i.e., Li metal surface) interfaces. Rct truly reflects the impedance changes of passivation layer on the lithium metal surface. Therefore, R0 and Rs in the Bruce-Vincent-Evans equation are equal to Rct before and after polarization, respectively.
[image: ]
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Fig. S13 (a) TG curves and (b) corresponding residual solvent contents of PVH, SiO2-in-PVH, and PVH-in-SiO2. The residual solvent contents were calculated based on the total weight loss from ambient temperature to 200 °C
Note that the weight loss below 100 °C is attributed to the trapped moisture evaporation, which is mainly caused by the high hydroscopicity of LiTFSI. The trapped moisture content is significantly reduced from 8.5 wt% (PVH) to approximately 0 wt% (SiO2-in-PVH and PVH-in-SiO2), implying that the introduction of SiO2 nanoparticles can dramatically inhibit the moisture adsorption.

[image: ]
Fig. S14 Galvanostatic voltage profiles of Li|Li symmetric cells at 0.1 mA cm−2 (1 h per step) of PVH, SiO2-in-PVH, and PVH-in-SiO2. The measurements were carried out at 25 °C


[bookmark: _Hlk178407588]Table S3 Comparison of activation energy, high-voltage stability, and Li symmetric cells total capacity of our PVH-in-SiO2 with other reported CSEs and polymer solid-state electrolytes.
	Solid-state electrolytes
	Activation energy (eV)
	High-voltage stability (V)
	Li symmetric cells
(Total capacity)
	Refs.

	PVH-in-SiO2
	0.17
	5.00
	200 mAh cm−2
	This work

	BTO/LLTO/PVDF
	0.20
	4.8
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]180 mAh cm−2
	[S44]

	Defective PVH
	0.21
	4.4
	120 mAh cm−2
	[S45]

	2D SiO2/PVH
	0.30
	4.78
	100 mAh cm−2
	[S46]

	NaNbO3/PVDF
	0.22
	4.7
	280 mAh cm−2
	[S47]

	d-HNTs/PVDF
	0.21
	5.0
	200 mAh cm−2
	[S48]

	Si3N4/PVDF
	0.21
	4.8
	280 mAh cm−2
	[S49]

	PbZrxTi1−xO3/PVDF
	0.318
	4.58
	190 mAh cm−2
	[S50]

	LATP/PVDF
	0.213
	4.5
	260 mAh cm−2
	[S51]

	PVDF
	0.23
	4.65
	200 mAh cm−2
	[S52]

	PVH
	0.17
	4.7
	120 mAh cm−2
	[S53]

	POE-F
	/
	5.0
	112 mAh cm−2
	[S54]

	PVDF-LPPO
	0.22
	4.8
	140 mAh cm−2
	[S55]

	P(VDF-TrFE-CTFE)
	0.26
	4.6
	60 mAh cm−2
	[S56]

	LLZTO/PVDF
	0.33
	3.9
	59 mAh cm−2
	[S58]
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Fig. S15 Photograph of an as-prepared CSE film with the SiO2/PVH weight ratio of 100/100 wt%
[image: ]
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Fig. S16 (a) SEM image and (b) the corresponding diameter statistics diagram of the 488 nm SiO2 nanoparticles. (c) Top-view SEM image of PVH-in-SiO2 that was prepared using the 488 nm SiO2 nanoparticles. (d) Comparison of ionic conductivities (σ) of PVH-in-SiO2 using different sized SiO2 nanoparticles
Introducing the 488 nm SiO2 nanoparticles can also result in the PVH-in-SiO2 architecture. However, the interconnected sphere morphology of the PVH matrix is destroyed. In addition, the increase of the SiO2 nanoparticle diameter also leads to the decrease of SiO2/PVH contact area. Therefore, the ionic conductivity of PVH-in-SiO2 using the 488 nm SiO2 nanoparticles is significantly smaller than that using the 158 nm SiO2 nanoparticles. (The film thickness for ionic conductivity tests is approximately 120–150 µm.) 
[image: ]
Fig. S17 Unprocessed SEM images of Fig. S16 a, c: (a) SEM image of the 488 nm SiO2 nanoparticles. (b) Top-view SEM image of PVH-in-SiO2 that was prepared using the 488 nm SiO2 nanoparticles


[image: ]
Fig. S18 XRD patterns of SiO2, PVH, SiO2-in-PVH, and PVH-in-SiO2
The crystallinities in the PVH, SiO2-in-PVH, and PVH-in-SiO2 were calculated using the following formula:
  

Peak areas were obtained using the peak analyzer function in an OriginPro project (Learning Edition, copyright © 1991-2023 OriginLab Corporation). The peak area data are presented in the table below:
	Samples
	Area of crystalline peaks
	Area of all peaks
	Crystallinity

	PVH
	85
	307
	28%

	SiO2-in-PVH
	92
	375
	25%

	PVH-in-SiO2
	58
	309
	19%



[image: ]
Fig. S19 Dissociation energy of LiTFSI on SiO2 surface, PVH chains, and SiO2/PVH interface determined by DFT calculations
[image: ]
Fig. S20 Li striping/plating curves of the 6Li symmetric cells using PVH-in-SiO2 as CSEs. The 6Li symmetric cells were tested at the current of 50 µA for 10 cycles, and the striping and plating time for each cycle were 5 min. The inset is the schematic of the 6Li symmetric cells, and the diameter of the 6Li foils is 12 mm
[image: ]
Fig. S21 6Li SSNMR spectra of pristine (a) LiTFSI, (b) LiTFSI + SiO2, and (c) PVH. Note that the sample "LiTFSI + SiO2" was prepared by mixing LiTFSI and SiO2 nanoparticles in solvent (DMF), followed by a vacuum-drying process
In the case of PVH (Fig. S21c), there is one chemical environment for 6Li+, which is reflected by the intensive and symmetrical peak located at 0.02 ppm. This result is very similar to that in the case of PVH-in-SiO2 (i.e., the curve before cycling in Fig. 3d), indicating that most of the Li+ in the PVH-in-SiO2 before cycling are located in the PVH matrix instead of at the SiO2 surfaces (Fig. S21b).
[image: ]
Fig. S22 (a) PVH-in-SiO2 model and (b) Distribution of current densities in PVH-in-SiO2 model (The unit of current density is mA cm−2)
[image: ]
Fig. S23 Coulombic efficiency of LFP|PVH|Li, LFP|SiO2-in-PVH|Li, and LFP|PVH-in-SiO2|Li full cells at various current densities under 25 °C
[image: ]
[bookmark: _Hlk166145903]Fig. S24 GCD curves of (a) LFP|PVH|Li, (b) LFP|SiO2-in-PVH|Li, and (c) LFP|PVH-in-SiO2|Li full cells at various current densities under 25 °C

[image: ]
Fig. S25 GCD curves of LFP|PVH|Li full cells at 0.2C under 25 °C

[image: ]
Fig. S26 Cycling performance of LFP|PVH-in-SiO2|Li full cells at the current density of 5C under 25 °C


Table S4 Comparison of specific capacity retention of our PVH-in-SiO2-based full cells with recently reported solid-state full cells using polymer-based solid electrolytes
	Solid-state electrolytes
	Rate(C)
	Cycle number
	Capacity retention (%)
	Refs.

	PVH-in-SiO2
	3
	300
	92.9
	This work

	BTO/LLTO/PVDF
	0.5
	200
	91.3
	[S44]

	Defective PVH
	1
	300
	94.9
	[S45]

	2D SiO2/PVH
	1
	1000
	72.9
	[S46]

	LATP/SN/PEO/PVH
	0.5
	100
	96.8
	[S61]

	H-ZIF-8/HN
	0.1
	200
	84
	[S62]

	PCIL-LZSP/PVDF
	0.5
	1000
	88.5
	[S43]

	BC-g-PLiSTFSI-b-PEGM/P
	1
	300
	83.7
	[S63]

	PTF-4EO
	0.5
	200
	89.9
	[S64]

	GO-g-PSSLi
	1
	170
	86
	[S65]

	LLZO/EmimFSI/PMMA
	1
	300
	90.4
	[S66]

	Poly(VEC10-r-LiSTFSI)
	0.5
	250
	95
	[S67]

	PEGDA/PVH
	0.5
	300
	97
	[S68]

	LiBTFSI/PEO
	0.33
	200
	86.1
	[S69]

	PAEV
	1
	300
	80.6
	[S70]

	AO-PIM-1-Li
	0.2
	200
	93.9
	[S71]

	Fe3O4@mSiO2/PVDF/PEGDA
	0.5
	700
	89.3
	[S72]

	Li+@PI-TMEFB-COFs
	0.5
	400
	82
	[S73]

	Li+-implanted CuMH
	0.5
	573
	80
	[S74]



[image: ]
Fig. S27 GCD curves of (a) LFP|PVH|Li, (b) LFP|SiO2-in-PVH|Li, and (c) LFP|PVH-in-SiO2|Li full cells at high mass loadings under 25 °C (current density: 0.2C)


[image: ]
Fig. S28 EIS curves of SS|CSEs|SS symmetric cells using PVH-Na and PVH-in-SiO2-Na as CSEs at 25 °C. The corresponding ionic conductivities were calculated and plotted in Fig. 5b

[image: ]
Fig. S29 EIS curves of SS|CSEs|SS symmetric cells using (a) PVH-Na and (b) PVH-in-SiO2-Na as CSEs at different temperatures. The corresponding ionic conductivities and activation energies were calculated and plotted in the inset of Fig. 5b

[image: ]
Fig. S30 EIS curves of SS|CSEs|SS symmetric cells using PVH-K and PVH-in-SiO2-K as CSEs at 25 °C. The corresponding ionic conductivities were calculated and plotted in Fig. 5d
[image: ]
Fig. S31 Ionic conductivity of PVH-K at different temperatures. Although we can calculate the ionic conductivities according to the corresponding EIS curves in Fig. S24, they are not too small to be reliable owing to the abnormal EIS curves
[image: ]
Fig. S32 EIS curves of SS|CSEs|SS symmetric cells using (a) PVH-K and (b) PVH-in-SiO2-K as CSEs at different temperatures. The corresponding ionic conductivities of PVH-K and PVH-in-SiO2-K were calculated and plotted in the inset Fig. 5d and in Fig. S23, respectively. Note that the EIS curves of PVH-K are abnormal because of its extremely poor ionic conducting properties. Therefore, it is not scientifically necessary to calculate the activation energy of PVH-K
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Fig. S33 Rate capability at various current densities of NVP|PVH-Na|Na full cells at 0.5C
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Fig. S34 Cycling stability of NVP|PVH-Na|Na full cells at 0.5C
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S1 Methods 

Synthesis of SiO

2

 nanoparticles [S1]. For the synthesis of 158 nm SiO

2

 nanoparticles, 225 mL 

of anhydrous ethanol (AR, ≥ 99.7%, Sinopharm), 30 mL of distilled water, and 5 mL of 

ammonium hydroxide solution (25–28%, Macklin) were mixed and stirred for 30 min, to which 

15 mL of tetraethyl orthosilicate (TEOS, 99%, Aladdin) was added in three times (i.e., 5 mL 

per time) under stirring. The obtained solution was then kept stirred for 2 h at ambient 

temperature. After reaction, the white precipitate was filtrated, washed with anhydrous ethanol 

three times, and dried at 80 °C overnight under vacuum in sequences, obtaining the 158 nm 

SiO

2

 nanoparticles. The synthesis of 488 nm SiO

2

 nanoparticles is similar to the above one, 

except that the feed ratios and reaction time are somewhat different. Specifically, 81 mL of 

anhydrous ethanol and 24 mL of ammonium hydroxide solution were mixed and stirred for 30 

min, to which 4.2 mL of TEOS was added under stirring. The solution was subsequently kept 

stirred for 1 h at room temperature, obtaining white precipitate. The collection, washing, and 

drying processes of the white precipitate were the same to the previous procedures. 

Preparation of PVH, SiO

2

-in-PVH, and PVH-in-SiO

2 

CSEs. The CSE films were prepared 

by a simple solution-cast method. Typically, 0.6 g of PVH (average M

w

 = 455000, Macklin) 

and 0.6 g of LiTFSI (99.9%, Macklin) were added in 6 mL of N,N-dimethylformamide (DMF, 

AR, 99.5%, Macklin), which was kept stirred until the PVH and LiTFSI were dissolved to form 

a transparent solution. Subsequently, different weight ratios of SiO

2

 nanoparticles were added 

(i.e., SiO

2

/PVH = 0/100, 20/100, and 70/100), followed by stirring for another 12 h. The 

obtained homogeneous dispersion was cast into a petri dish, which was initially dried in an air 

circulation oven at 30 °C to remove most of the DMF solvent and then dried in a vacuum oven 

at 120 °C for 24 h. After the temperature cooled down, a white film was obtained, followed by 

storing in an Ar-filled glove box for further investigations. The films with SiO

2

/PVH weight 

ratio of 0/100, 20/100, and 70/100 were denoted as PVH, SiO

2

-in-PVH, and PVH-in-SiO

2

, 

