Supporting Information
1. Materials
The experimental materials include: methyl methacrylate (MMA), which contains hydroquinone polymerization inhibitor; Hydrogen peroxide (30%); Azodiisobutyronitrile (AIBN); N. N-dimethylformamide (DMF); Methanol (CH3OH); Ethyl acetate; Tetrahydrofuran (THF); Triethylamine; Ether (C2H5OC2H5); Dimethyl sulfoxide (DMSO); Toluene; N-methyl pyrrolidone (NMP); Anhydrous ethanol is provided by Sinopharm Chemical Reagent Co., Ltd. Hydroxyethyl methacrylate (HEMA); Cinnamoyl chloride (C9H7CIO); Barium titanate BaTiO3, powder cubic crystal system with average particle size less than 100nm, are provided by sigma aidrich company; Polyethylene glycol methacrylate phosphate (C6H11O6P), purity ≥ 98%, provided by Hubei Guangao biological Co., Ltd.
2. Equipments
BT was processed by omnidirectional planetary ball mill (QM-QX04). Thermal properties were measured by TA differential scanning calorimeter (DSC Q2000). Surface and cross-sectional morphologies were measured by tungsten filament scanning electron microscopy (Evo18). The metal electrodes were vacuum evaporated by a high vacuum resistance glove box evaporation system (KC-ZD400). The dielectric properties of film capacitors were measured using LCR (IM3536). The dielectric strength of the films was measured by a high-power DC regulated power supply (LDX2-K6001). The modified nanoparticles and photocrosslinkable functionalized polymers were measured by Fourier transform infrared spectroscopy (Nicolet is10). Films were crosslinked by a FUMAX desktop UV machine (9400D-UT). The surface roughness of the films was measured by a multifunctional micro-nano characterization instrument (VK-X1100). The contact angle of the film surface was measured by a contact angle meter (SZ-CAMC33). The molecular structures of the functionalized polymers were measured by an all-digital nuclear magnetic resonance spectrometer (Avance III 400 MHz).
3. Preparation of Functionalized poly(methyl methacrylate-co-2-hydroxyethyl methacrylate) (f-P(MMA-co-HEMA)) Materials
Precursor copolymerization of MMA and HEMA was carried out in a ratio of 85:15 mmol%. The MMA monomer is alkalized and distilled under reduced pressure to remove the hydroquinone polymerization inhibitor before use. MMA (5.0 g, 49.94 mmol) and HEMA (1.15 g, 8.81 mmol) were added to a round bottom flask containing 26.54 mL of ethyl acetate followed by AIBN (149.9 mg, 2.5 wt%) and the reaction mixture was purged with nitrogen 15min, and the temperature was raised to 75 °C, and the reaction was condensed and refluxed for 24 h. After the reaction, the solution was subjected to rotary evaporation to remove excess solvent, and the reaction mixture was precipitated into 300 mL of methanol and filtered and washed. The product was dried in a vacuum oven at  65 ° C. for 24 h, and the collected product was recorded as P(MMA-co-HEMA). 1 g of P(MMA-co-HEMA) was dissolved in 10 ml of THF, triethylamine (0.51 g, 5 mmol) was added to the reaction mixture, cinnamoyl chloride (250 mmg, 1.5 mmol) dissolved in 2 mL of THF was added dropwise into the reaction mixture. The reaction mixture was purged with nitrogen for 10 min, wrapped with aluminum foil and stirred at 0 °C for 12 h. After the reaction, the excess THF was removed by rotary evaporation, the reaction mixture was precipitated into 300 mL of ether, filtered and washed, and finally the precipitate was stored in a 20 mL glass bottle, wrapped with aluminum foil, and dried under vacuum at 65 °C for 24 h. The white powder collected after drying was recorded as f-P(MMA-co-HEMA). Figure S2 shows the synthesis and functionalization of P (MMA-co-HEMA).
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Figure S1 Synthesis and functionalization of P(MMA-co-HEMA).
4. Surface modification of BT
BT (2 g) was dispersed in a round bottom flask containing hydrogen peroxide solution (10.66 ml), and the mixed solution was sonicated for 30 min. The dispersed solution was condensed and refluxed at 105 °C and stirred for 1 hour. The finished product was transferred to a centrifuge tube, centrifuged twice at 10,000 rpm for 30 min, and washed 2-3 times with deionized water. The hydroxylated BT (BT-OH) was collected and dried in a vacuum oven at 80 °C for 12 h to give a white powder (1.93 g). The ball-milled BT-OH powder (0.6 g) was dispersed in a mixed solvent of ethanol and water (15 mL, 95:5), and ultrasonically treated for 30 min. C6H11O6P (3.15 mL) was added to the dispersion, ultrasonically treated for 10 min, and the mixture was condensed and refluxed at 80 °C and stirred for 1.5 h. The reaction solution was transferred to a centrifuge tube, and centrifuged twice for 30 min at 10,000 rpm. The product was washed with excess ethanol to remove residual modifier. The surface-modified BT was collected and dried in a vacuum drying oven at 80 °C for 12 h, and finally a modified white powder was obtained and recorded as m-BT. Fig. S1 was a schematic flow chart of the surface modification of BT.
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Figure S2 Surface modification of BT.
5. NMR characterization
Figure S3 shows the 1H NMR spectra of f-P(MMA-co-HEMA) dissolved in 0.5 mL of CDCI3 (deuterated chloroform) solvent and recorded at 25 ℃ with avance Ⅲ 400 MHz spectrometer. The proton signals for methyl (-CH2-CO-O-CH3, δ=3.60, peak a), methylene (-CH2-CO-O-CH2-O-, δ=3.80, peak b) and (-CH2-CO-O-CH2-O-, δ=4.07, peak c) indicated the success of MMA and HEMA polymerization, and the ratio of MMA to HEMA in P(MMA-co-HEMA) copolymer was 4.5:1 according to the peak of a and b. The proton signals for  Methylene (C6H5-CH=CH-CO-O-, δ=6.51, peak d) and  (C6H5-CH=CH-CO-O-, δ=7.73, peak g), Methylene  (C6H5, δ=7.38, peak e) and (C6H5, δ=7.57, peak f) indicated the success of P(MMA-co-HEMA) functionalization. In addition, the content ratio of MMA, HEMA and cinnamon groups in f-P(MMA-co-HEMA) polymer was 18.3:4.3:1 according to the peak of e.
   [image: ]
Figure S3 Expansion of the 3 to 7.8 ppm region of the 1H NMR spectrum recorded in CDCI3 of f-P(MMA-co-HEMA) functionalized material.
6. TEM and EDS measurements
The morphology of the m-BT nanopowder nanocomposite was observed by the transmission electron microscope (TEM) with low and high magnification. The samples were dispersed in DMF with a concentration of 5% and ultrasonicated for 30 min, and then were drop casted on a copper mesh. The samples were prepared for TEM testing after thermal annealing treatment on a hot stage at 100 °C for 5 min. At low magnification (Figure S4a), it was observed that BT nanoparticles modified by the phosphate exhibited the well dispersion on the copper mesh. The surface of BT nanoparticles cores with a size of about 40 nm was coated with the phosphate shells with a thickness of 20 nm, which was observed under high magnification (Figure S4b).
Energy Dispersive Spectroscopy (EDS) of m-BT was measured to detect the surface chemical composition. In Figure S6, the characteristic peak of P element in m-BT nanoparticles was observed by the mapping scanning, which confirmed that nanoparticles was the surface modified by the phosphate.
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[bookmark: _Hlk113532227]Figure S4 TEM image of (a) m-BT under low magnification , (b) m-BT under high magnification.
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Figure S5 EDS patterns of the as-received m-BT nanoparticles.
7. XPS and XRD measurements
The surface chemical composition of m-BT was analyzed by XPS spectroscopy, with the maximum scanning depth of 10 nm. The m-BT nanoparticles wide-scan spectrum (Figure S6a) contained P, C, O, Ti and Ba elements. The clear signals at a binding energy (BE) of about 530.8 eV and 284.3 eV are corresponding to C1s and O1s. The binding energy of Ba 3d and Ti 2p signals are 778.9 eV and 457.4 eV, and the P 2s signal (binding energy is 191.8 eV) indicates that BT nanoparticles have been successfully modified .38 The O 1s and C 1s spectra of m-BT were curve-fitted. In Figure S6b, the the C = C bond of 285.5 eV indicates the successful modification of BT nanoparticles. In Figure S6c, the binding energy of the C-C，C-H bond is 285 eV, and the binding energy of O-C=O bond is 230 eV. In addition, P=O，P-O bonds at 529.8 eV and 530.9 eV, respectively. This result further illustrates the success of BT modification.
Figure S7  showed the XRD patterns of BT, m-BT. The diffraction peaks of pure BT nanoparticles at 2θ = 21.1°, 31.5°, 38.9°, 45.3°, 51°, and 56.3°corresponded to the plane of (100), (110), (111), (200), (210), and(211), which indicated that the BT nanoparticles had perovskite crystal structure.49-50 m-BT nanoparticles exhibited similar crystal structure, while the intensity of characteristic diffraction peaks decreased slightly, which was due to the phosphate coupling agent.51-52
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[bookmark: _Hlk113532361]Figure S6 The XPS wide-scan spectrum of the m-BT (a)  and PMMA-BT. High-resolution core-level C 1s XPS spectra of m-BT (b). High-resolution core-level O 1s XPS spectra of m-BT (c).
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[bookmark: _Hlk113532388]Figure S7 XRD patterns of different nanoparticles: (a) BT, (b) m-BT.
8. Relationship between particle size of m-BT and milling time
Figure S8a, Figure S8b, Figure S8c, Figure S8d and Figure S8e showed the particle size distribution of BT milled for 18h, 36h, 54h, 72h and 90h respectively. It could be seen from the figure that the particle size of BT at different milling times was mainly concentrated at 28 μm, 20 μm, 9 μm, 1.5 μm and 15 μm. Therefore, 72h ball-milling had the best dispersion effect on BT. However, compared with the size of BT itself, the particle size after ball-milling was still much larger, because the particle size meter was measured in solution, and the phosphate coated on BT surface was also included. Figure S9 showed the change of BT with ball-milling time. It could be seen from the figure that the particle size of BT decreased gradually with the increased of ball-milling time 72h ago, because the particle size became larger 72h after the mechanical stirring of ball-milling was turned on.
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Figure S8  Normal distribution of particle size during BT ball-milling 18h (a), 36h (b), 54h (c), 72h (d), 90h (e).
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Figure S9 Variation of BT particle size with ball-milling time.
9. Film Capacitor Fabrication
Preparation of f-P(MMA-co-HEMA) Crosslinked Thin Film [f-P(MMA-co-HEMAC)]. When polymer solute and solvent were mixed, the solubility of polymer in the solvent, solution concentration and molecular entanglement would be affected to varying degrees according to the polarity of the solvent.[46] Therefore, in order to obtain a homogeneous mixed solution of f-P(MMA-co-HEMA), four solvents with high to low polarity, dimethyl sulfoxide (DMSO), N-methyl pyrrolidone (NMP), tetrahydrofuran (THF) and toluene, were used to disperse f-P(MMA-co-HEMA). Figure. S10a, Figure. S10b, Figure. S10c and Figure. S10d. respectively correspond to the dispersion of functional polymer by solvent DMSO, NMP, THF and toluene. It could be seen from the Figure. S10 that the solvent DMSO and NMP can completely dissolve the polymer, and the solution was colorless and transparent. The dispersion of f-P(MMA-co-filmHEMA) became poor with the decreasing of solvent polarity. This was because the higher the polarity of the solvent, the stronger the solubility of the solvent to the solute. The high polarity solvent affected the molecular arrangement of the polymer and prevented the entanglement of the macromolecular polymer chain.47
[image: ]
Figure. S10 Dispersion of f-P (MMA-co-HEMA) in DMSO (a), NMP (b), THF (c) and Toluene (d) Solvents.
According to the dispersion of Figure. S10, the solution of f-P(MMA-co-HEMA) for preparation of films was dispersed with the solvent of DMSO and NMP. In Figure. S11a and Figure. S11b, the solvents were DMSO and NMP, respectively. The solvent of DMSO could well disperse the polymer when the solution was prepared, while NMP failed to completely dissolve the polymer, which was caused by the mismatch between the dissolution parameters of NMP with small polarity and the solute at high concentration. Under the same mass fraction, polymers in low viscosity solutions had less flow resistance, which was conducive to the formation of dense dielectric films, thereby reducing the possibility of leakage of the films.46,48 Figure. S11c and Figure. S11d showed the mixed solution of DMSO and NMP with the concentration of 15% and 20%, respectively (NMP:DMSO=2.6:1). Compared with single solvent, mixed solvent could disperse polymer better. 
[image: ]
Figure. S11 Dispersion of f-P(MMA-co-HEMA) in DMSO (a), NMP (b), 15% (NMP: DMSO=2.6:1) (c) and 20% (NMP: DMSO=2.6:1) (d) solvents.
[bookmark: _Hlk119573441]This was because the addition of a small amount of DMSO in NMP made the solvent and solute had relatively matching dissolution parameters.49-50
The solutions shown in Figure. S10 were spin-coated on the flexible copper coated polyethylene terephthalate (PET) substrate at a speed of 2000 rpm. DMSO solution as a dispersant had better film forming performance, but there was obvious crystallization on the film surface. The spin-coating film of the mixed solvent of NMP and DMSO with a concentration of 15% had crystals. However, due to the low concentration of the solution, the film forming performance was still poor even at low rotating speed. The films spin-coated with 20% NMP and DMSO mixed solvent had no crystallization and good film forming performance.
Figure. S12a and Figure. S12b showed the SEM images of f-P(MMA-co-HEMA) films prepared with DMSO solvent and (NMP: DMSO=2.6:1) mixed solvent, respectively. The film prepared with DMSO as the dispersant had pinhole on the surface of the film under the micro morphology, while the film prepared with mixed solvent presents uniform and pinhole-free. Therefore, the mixed solvent of NMP and DMSO (NMP: DMSO=2.6:1) had better dispersion of f-P(MMA-co-HEMA) at 20% concentration, and could prepare high-quality films.
[image: ]
Figure. S12 The SEM images of f-P (MMA co HEMA) polymer films spin coated with DMSO (a) and (NMP: DMSO=2.6:1) mixed solvent (b).
In order to explore the properties of the film under different irradiated times, the high-quality f-P(MMA-co-HEMA) film was photo-crosslinked at different times under the UV wavelength of 365 nm and 300 W power, and the aluminum electrode (100 nm) was vacuum evaporated on the crosslinked film.
[bookmark: _Hlk107992257]10. Measurement of film crosslinking degree
In this experiment, UV light with wavelength of 365 nm and power of 300W was used for crosslinking. The best quality thin film could be obtained by changing the irradiation time. The crosslinking degree after different irradiated time could be calculated by the following formula:[51]

Where A0 was the UV absorbance without crosslinking, and AT was the UV absorbance after crosslinking.
Figure. S13 (a) showed the UV spectra of the thermally cured f-P(MMA-co-HEMA) films with crosslinking. The absorption peak at 280nm was attributed to the C=C group on the cinnamic acid. With the increase of irradiated time, the intensity of C=C group absorption peak decreased. This was because UV irradiation caused [2+2] cycloaddition reaction of C=C group on cinnamic acid.[52] There was no equal absorption peak under the light at different irradiated times, so there was no CIS trans isomerization reaction of C=C group. It proved the success of crosslinking. Figure. S13 (b) showed the change of the film crosslinking degree with irradiation time. The film crosslinking degree increases with the increase of irradiation time. The crosslinking degree of the films increased by 42% after irradiation for 30s compared with 0s. Compared with 300s, the irradiation time of 900s only increased the crosslinking of the membrane by 25%, which was due to the uncured liquid film in the first 300s was more conducive to the movement of molecular chains, so it was easier to produce fast photoreaction rate and high crosslinking conversion rate.
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[bookmark: _Hlk118926669]Figure. S13 (a) The UV spectra of the thermally cured f-P(MMA-co-HEMA) films with crosslinking. (b) Curve of crosslinking degree of the thermally cured f-P(MMA-co-HEMA) films with crosslinking versus illumination time.
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[bookmark: _Hlk120292803]Figure. S14  The UV spectra of the crosslinking f-P(MMA-co-HEMA) films with the thermal curing (a) .Curve of crosslinking degree of the crosslinking f-P(MMA-co-HEMA) films with the thermal curing versus illumination time (b).
Figure. S14 (a) showed the UV spectra of the crosslinking f-P(MMA-co-HEMA) films with the thermal curing. Figure. S14 (b) showed that the degree of the crosslinking f-P(MMA-co-HEMA) films with the thermal curing crosslinking increased with the increase of irradiation time. The crosslinking f-P(MMA-co-HEMA) films with the thermal curing crosslinking had the same crosslinking principle as the thermally cured f-P(MMA-co-HEMA) films with crosslinking. The crosslinking degree of the crosslinking f-P(MMA-co-HEMA) films with the thermal curing increased by only 3.1% during the 300s irradiation time. Compared with 300s, the crosslinking degree of the crosslinking f-P(MMA-co-HEMA) films with the thermal curing increased by 60% under irradiation time of 900s. Compared with the thermally cured f-P(MMA-co-HEMA) films with crosslinking, the crosslinking reaction the crosslinking f-P(MMA-co-HEMA) films with the thermal curing  was slower in 300s and faster in 300-900s. This was due to the thermal treatment of the crosslinking f-P(MMA-co-HEMA) films with the thermal curing, which affected the movement of molecular chains and thus reduced the crosslinking rate. However, the crosslinking degree of the film could still reach a high level of 60% after 900s of long-term irradiation, so enough irradiation could complete the crosslinking of the film.
The thermogravimetric analysis (TGA) curve of the m-BT nanoparticles was shown in Figure. S15. The thermal measurement was carried out in a nitrogen atmosphere in the temperature range of 30 ℃ to 800 ℃, and the heating rate was 10 ℃/min. The mass loss of BT nanoparticles surface modified from the figure accounts for about 7% of the total mass, which also indicated the success of surface modification of BT nanoparticles by phosphate.
[image: ]
Figure. S15 TGA curve of m-BT.
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