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Supplementary Fig. 1 A, Schematic of smart window using pNIPAm hydrogel nano/microparticles and its limits concerning structure integrity and dehydration. The pNIPAm hydrogel particles suspension requires rigid and transparent container and vigorous encapsulation. B, Schematic of light management mechanism for pNIPAm hydrogel particles before and after phase transition.
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[bookmark: OLE_LINK1]Supplementary Fig. 2 Transmittance spectra of pNIPAm hydrogel film and p-PVDF-HFP polymer film at (A) 25 C and (B) 35 C.
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[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Supplementary Fig. 3 Thermochromic performance (solar transmittance modulation, ΔTsolar, after phase transition, and luminous transmittance, Tlum, before phase transition) in some of the best-reported films: single-layered VO2 films,1, 2, 3 multi-layered VO2 films,1, 2, 4, 5 doped VO2 films,6, 7, 8, 9 nanoporous VO2 films,10 VO2 composite films,11, 12 VO2/nickel (II)-based ligand exchange hybrid (NLET) films,3 liquid pNIPAm films,13, 14 pNIPAm-2-aminoethylmethacrylate hydrochloride (pNIPAm-AEMA) films,15 hydrogel/VO2 composite films,16 ionogel films,17 ferrocene modified ethylene glycol-modified pillar[6]arene (Fc-gel·EGP6),18 ligand exchange of thermochromic films (LETC),19 and the pNIPAm-AEMA films.15 Hollow and half-hollow symbols indicate the ΔTsolar of thermochromic films at phase transition temperature from 60˚C to 100˚C. Solid symbols indicate the thermochromic films with low phase transition temperature (≤ 40˚C). In particular, the ΔTsolar of most pNIPAm liquids, ionogels, LETC, and Fc-gel·EGP6 are acquired at the phase transition temperature of 40˚C, while the ΔTsolar of the pNIPAm hydrogel network is obtained at 35˚C in this work.

[image: ]
Supplementary Fig. 4 Transmittance modulations (ΔTlum and ΔTsolar) and Tlum before phase transition of the pNIPAm/p-PVDF-HFP measured after every 10 heating-cooling cycles.
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Supplementary Fig. 5 A, Spectral emissivity of p-PVDF-HFP with various thicknesses. B, Weight change of pNIPAm hydrogel protected by p-PVDF-HFP sealing film after day-night cycles.
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[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Supplementary Fig. 6 SAXS intensity profiles in logarithmic scale of pNIPAm hydrogel network at 25 C and 35 C and corresponding fitting plots. 
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Supplementary Fig. 7 Transmittance spectra of pNIPAm hydrogel network at room temperature with various thicknesses. 
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Supplementary Fig. 8 Optical images of pNIPAm hydrogel film undergoing a phase change from room temperature (A) to above 35 C (B–D).
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Supplementary Fig. 9 A, Schematic of pNIPAm hydrogel network from top and side views, where the magnified area indicates the location of cross-section SEM images captured.  B and C, Cross-section SEM images of freeze-dried pNIPAm-polyacrylamide double network under different magnifications. The pNIPAm flakes collapsed and were compressed at high temperatures while this morphology was preserved by curing the second hydrogel of polyacrylamide (PAm). Thus, we could image the de-swollen pNIPAm network even after freeze-drying the sample.
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[bookmark: OLE_LINK18][bookmark: OLE_LINK14]Supplementary Fig. 10 Hemispherical reflectance spectrum of pNIPAm hydrogel network at 25 C and 35 C measured using an integrating sphere. The peaks of water absorption are marked (*). Possible experimental fluctuations concerning UV-Vis-NIR switching detectors are indicated by the dotted-line.
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[bookmark: OLE_LINK4]Supplementary Fig. 11 A, Optical image of a blue-dyed pNIPAm hydrogel with a thickness of ~ 1mm in warm water (>35 C) and B, its magnified image revealing a white middle layer of pNIPAm network in between two blue hydrogel layers. Insert shows the schematic diagram of blue-dyed pNIPAm hydrogel with collapsed polymers.
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Supplementary Fig. 12 A, PNIPAm hydrogel network models with water ratios of (A1) 90% and (A2) 35%. B, Corresponding electric field distribution of pNIPAm hydrogel networks under normal light (at 1636 nm) incidence.
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Supplementary Fig. 13 A, Schematic of the experimental setup for monitoring temperatures of the stainless steel with and without p-PVDF-HFP and ambient air. B, Temperature profiles for the bare stainless steel, the stainless steel covered by a p-PVDF-HFP thin film, and ambient air on July 19, 2022. C, T1T2 during the measurement period.
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Supplementary Fig. 14 Optical image of a bulk pNIPAm hydrogel during solvent exchange. The transparent region indicates that the DMSO is replaced by water completely, but the solvent exchange is happening in the region of white. 
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Supplementary Fig. 15 DSC measurements for pNIPAm hydrogel network (solid line) and pNIPAm nanoparticles (dashed line).
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