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[bookmark: _Hlk134810868]Note S1 Chemical Structure Characterization of the High Solid Content (SC) Monodispersed P(MMA-BA-MAA) Latex
To confirm the chemical structure of the synthesized P(MMA-BA-MAA) particles, we analyzed the micro-IR spectra of the particles (Fig. S1). Obviously, the characteristic peaks of O-H (3435 cm-1), -CH2- (2955 cm-1), and C=O (1723 cm-1) are presented on the IR spectrum and corresponding micro-IR images of the resultant P(MMA-BA-MAA) latex, respectively. What’s more, there is no C=C absorption in the entire curve. The result proved the successful synthesis of the P(MMA-BA-MAA) latex through the copolymerization of MMA, BA, and MAA monomers.
Note S2 Realization of 55 wt% SC Monodispersed P(MMA-BA-MAA) Colloidal Latex
[bookmark: _Hlk134533816][bookmark: _Hlk205900689][bookmark: _Hlk205901064][bookmark: _Hlk205901711]Latex polymerization is regarded as the most cost-effective and scalable strategy for the synthesis of monodispersed colloidal particles [S1]. Typically, ionic surfactant balances the electrostatic force and diffusion force by establishing an electric double layer, thus ensuring the monodispersity of colloidal particles (Fig. S2a). Non-ionic surfactant, by contrast, mainly prevents the aggregation of colloidal particles by steric shielding protection of the formed hydration layer and makes latex monodispersed (Fig. S2b) [S2, S3]. However, for the synthesis of monodispersed latex with high SC (exceeding 30 wt.%), mono-component surfactant is obviously powerless. The mono-component surfactant is difficult to meet the dual requirements of SC and monodispersity in latex polymerization. The maximum SC of the monodispersed P(MMA-BA-MAA) colloidal latex can reach 30.5 wt.% using the mono-component surfactant (SDS). When the reaction monomer dosage continuously increases to 150 g, the P(MMA-BA-MAA) colloidal latex would no longer maintain monodispersity (polydispersion index (PDI) far beyond 0.05) even if the amount of SDS is increased to 3.6 g (Table S1). Herein, we took an anionic and nonionic compound surfactant system to assist the synthesis of high SC monodispersed P(MMA-BA-MAA) latex (Fig. S2c). The fitting curve of monomer conversion rate and reaction time obtained from the experiment is shown in Fig. S2d. We may reasonably conclude that the method is full accordance with the kinetic characteristics of latex polymerization [S1]. We employed SEM and particle size distribution images to show that the P(MMA-BA-MAA) particles maintained regular spherical morphology and excellent monodispersity during the whole synthesis process (Fig. S4). Dual-component surfactants of SDS (anionic) and CO-897 (nonionic) are simultaneously employed to ensure the monodispersity and high SC of resultant P(MMA-BA-MAA) latex (Table S2). The SC of the P(MMA-BA-MAA) colloidal latex can reach 55 wt.% (approaching the theoretical maximum SC of monodispersed colloidal latex, 59 wt.%) while keeping a PDI value of less than 0.05. Therefore, the synergistic action of ionic and nonionic surfactants ensures the monodispersity (PDI < 0.05) and stability (Zeta potential ~-25 mV) of the resultant high SC P(MMA-BA-MAA) latex by enhancing both electrostatic and steric interaction of colloidal particles (Fig. S5).
Note S3 Calculation of Maximum Theoretical SC of Monodispersed P(MMA-BA-MAA) Latex
According to previous research, the thickness of the hydration layer of colloidal nanoparticles can be estimated to be 18 nm [S4]. However, the electric double layer on the particle surface should be taken into account in our work. The thickness (1/κ) of the electric double layer can be calculated with the following equation [S5]:
           (S1)
where ε denotes the permittivity of water (78.36 F/m), kB is the Boltzmann constant (1.38×10-23 J/K), T is the absolute temperature, e is the electron charge, and NA is Avogadro’s number. I presents the ionic strength, which can be calculated by the following equation:
           (S2)
[bookmark: _Hlk205901860][bookmark: _Hlk205897341]where ci is the molality of the ion and zi is the charge of the ion. In the latex polymerization process, 0.5 g NaHCO3, 0.5 g KPS, and 0.45 g SDS were used for the synthesis of 250 nm latex. Thus, I = 1.5×10-2 mol/L according to the theoretical calculation. In practice, when the I of a latex located at 10-2~10-1 mol/L, the value of 1/κ is in 1.2~3.5 nm. Thus, the thickness of the electric double layer 1/κ could be estimated at 2.5 nm, and the thickness of the hydration layer of colloidal nanoparticles could decrease from 18 nm to 15.5 nm. Thus, the maximum SC of colloidal latex could be calculated following the equation:
         (S3)
[bookmark: _Hlk205898142]where R is the particle size in latex obtained from dynamic light scattering (DLS) measurement, the density of the P(MMA-BA-MAA) colloidal particles was regarded as 1.18 g/cm3. Theoretically, the maximum SC for a typical P(MMA-BA-MAA) latex with a particle size of 250 nm is 59 wt.%, taking into account the fluidity of latex and the 2.5-nm-thick double electric layer. Therefore, the 55 wt.% SC of the resultant monodispersed P(MMA-BA-MAA) latex could be considered to have reached the highest experimental value, and has gone far beyond current research.
[bookmark: _Hlk205898197]Note S4 Comparison Between 55 wt.% Monodispersed Latex and Traditional 10 wt.% Latex
[bookmark: _Hlk206080954]Experiments for the copolymerization of MMA, BA, and MAA monomers were carried out via traditional latex polymerization and our polymerization strategy to prove the merits of the high SC latex. For the resultant 55 wt.% SC P(MMA-BA-MAA) monodisperse latex, the initial ɸ of particles has far exceeded the threshold value for crystallization (ɸ = 30%) [S6]. Particles can spontaneously assemble to form colloidal crystal under the combined action of electrostatic repulsions and van der Waals forces, and thus the latex appeared iridescent. “Colloidal skin”, just as the commonly seen “milk skin’’ of hot milk-containing liquids, can be spontaneously formed on the high SC latex surface during the evaporation process. The “colloidal skin” quickly seals the surface of latex, and greatly regulates the evaporative flux across the air-liquid surface (Fig. S6). Hence, highly uniform and bright photonic metamaterial, colloidal photonic crystal (CPC), can be constructed. The CPC flash vivid structural color with crack-free and ordered structure, which is what numerous application fields are looking for. While Brownian motional particles in milk-white low SC latex were hard to resist the outward capillary flow [S7, S8]. Dissimilarly, the CPC film derived from the 10 wt.% SC latex will suffer from dimness and irregularity, showing whitish color, and obvious cracks and defects (Fig. S7).
Note S5 Adjustment of Particle Size of the High SC Monodispersed P(MMA-BA-MAA) Latex
[bookmark: OLE_LINK10]The particle size of the high SC monodispersed P(MMA-BA-MAA) latex could be regulated by adjusting reaction parameters (monomer and/or surfactant dosage). As shown in Tables S3 and S4, raising the amounts of monomers will increase the particle size, but will cause a negative effect on the monodispersity. On the contrary, the addition of excessive surfactants would result in a decrease in particle size. Thus, the monodispersed latexes (PDI < 0.05) with particle size from 196 nm to 342 nm, in order to achieve full visible spectrum structure color, can be obtained by effectively optimizing the dosage of surfactants and monomers. 
Note S6 Observation of Self-Assembly Behavior of Colloidal Particles
[bookmark: _Hlk206250722][bookmark: _Hlk205907251]The assembly behavior and crystallization mode of monodispersed colloidal particles are closely correlated with the optical and structural properties of the constructed CPCs. Exactly, the assembly behavior of colloidal particles depends on many factors such as substrate, environment, and initial concentration of colloidal particles [S9, S10]. To further gain the merits of the 55 wt.% P(MMA-BA-MAA) CPCs, we focus on investigating the crystallization behavior of colloidal particles under different initial particle concentrations in this work. Herein, a levitating spherical colloidal droplet served as an independent model to real-time probe assembly of particles [S11]. Colloidal droplets were placed into completely incompatible methyl silicone oil via highly controlled droplet microfluidic technology [S12]. Under the action of interfacial tension, the colloidal droplets present regular spheres suspended in the continuous phase of methyl silicone oil (Fig. S10) [S13]. The levitating spherical colloidal droplet provides isotropic environment for evaporation assembly of colloidal particles, which is a reliable tool for in-situ investigation of colloidal crystallization behavior. Meanwhile, the volume-fraction-mediated colloidal crystallization is a facile template for a levitating spherical colloidal droplet, which enables the monitoring of the assembly behavior by simple optical microscope equipment.
Here, the average ɸ (ɸ(t)) of P(MMA-BA-MAA) colloidal particles in the droplet is calculated from the following formula [S11, S14]: 
        (S4)
[bookmark: _Hlk207725898][bookmark: _Hlk206320672][bookmark: _Hlk205887437]Where, Ri and R(t) represent the initial and current radius of the droplet measured by the optical microscope, respectively. The initial volume fraction () of colloidal particles was calculated from the known mass fraction and system density (particle density: 1.18 g/cm3; water density: 1 g/cm3). Totally, colloidal droplet renders three different states in a typical colloidal crystallization assembly process. Colloidal droplet appears white because of the strong scattering and lacking of ordering in low SC latex. As the ɸ of particles progresses to about 20%, the droplet displays weak reddish colour, suggesting the onset of short-range correlations. At around ɸ = 30%, the droplet shows pronounced iridescence, indicating the generation of long-range ordered colloidal crystals [S6]. Obviously, the assembly behavior is greatly affected by initial ɸ of colloidal particles.
[bookmark: _Hlk205913064][bookmark: _Hlk205913363]The 55 wt.% colloidal droplet begins with bright orange-red structure color. Upon water evaporation, the droplet is gradually contracted and eventually stabilized at ɸ = 71.5%. Meanwhile, the color of the droplet turns to orange, yellow, and finally green. Whereas, for the colloidal droplet with an initial concentration of 30 wt.%, its body initially presents a consistent reddish color. As the ɸ of the droplet increases to 29.7%, the bright structural color just starts to come out, and eventually forms a green CPC supraball with a ɸ of 61.4%. For colloidal droplet with only 10 wt.% initial concentration, it is milky white. When ɸ increases to 22.6%, it becomes reddish. Then the droplet flashes structural color and its ɸ increases to 31.1%. Finally, the ɸ of the droplet remains at 49.9%, presenting a green structural color (Figs. 3a and S11). Shown in Fig. 3b, for the high SC colloidal droplet of 55 wt.%, there was a near-linear increase in ɸ during the whole drying process. While for low SC colloidal droplets (30 wt.% and 10 wt.%), the increase in ɸ indicated two different stages. In the early stage, it is a slow linear growth, and a sharp rise shows in the late stage. This phenomenon can be explained as the formation of “colloidal skin” for high SC colloidal droplets, in which “skin”-regulated homogeneous assembly mode was opened. 
[bookmark: _Hlk207871868]Note S7 Optical Properties of the High-Crystallinity Photonic Metamaterial
The high-crystallinity photonic metamaterial derived from the self-assembly of the as-prepared monodispersed colloidal latexes with SC of 55 wt.% could generate well-defined photonic band gaps (PBGs) in the visible spectrum. The interaction between visible light and periodic lattice structures results in bright structural color corresponding to the PBGs. A Bragg-Snell law was proposed to validate the optical properties of the high-crystallinity photonic metamaterial [S15, S16]:
           (S5)
Where λmax is the wavelength of the Bragg diffraction peak of the high-crystallinity CPC, D is the size of monodispersed particles, θi is the angle of the incident light with respect to the normal (Fig. 13a). And the neff is the effective refractive index of the high-crystallinity CPCs, which could be calculated according to the following formula:
           (S6)
[bookmark: _Hlk207888723]Here, fc is the stacking density of colloidal particles in the high-crystallinity CPCs, nc and nm are the refractive indices of colloidal particles (nc ~1.48) and air matrix (nm = 1), respectively. As predicted by Equation S5 and confirmed experimentally (Fig. 13b), the diffraction peak of the high-crystallinity CPCs exhibits a characteristic blue shift with increasing incident angle. Importantly, the diffraction peak of the high-crystallinity CPC is also associated with the size of monodispersed particles. Monodispersed colloidal particles with sizes from 196 nm to 342 nm give bright structural color covering the entire visible spectrum at low angles (Figs. 2b and S8).
[bookmark: _Hlk134948901]Note S8 Cooling Capacity of the High-Crystallinity Photonic Metamaterial
[bookmark: _Hlk155180667][bookmark: _Hlk145761841][bookmark: _Hlk207876636][bookmark: _Hlk155898901][bookmark: _Hlk134948948][bookmark: _Hlk207888787][bookmark: _Hlk145759482]Recently, passive cooling has aroused hot discussion and wide attention. However, the incorporation of color into the cooling designs remains a challenge. CPCs with periodic dielectric structures exhibit PBGs that enable selective solar reflection while producing vivid structural colors, making them ideal candidates for colored PDRC applications [S17, S18]. As demonstrated in Fig. 14a, the CPC coating with ~400 µm thickness shows narrowband selective reflection with lower reflection peak intensity. In contrast, the reflection peak exhibits a more pronounced improvement when the thickness is reduced to 200 µm due to the enhanced coherent light diffraction in the thinner, non-absorptive CPC layer. Moreover, this thickness reduction also addresses the mechanical stability limitations observed in thicker coatings (Fig. S14b). Meanwhile, the CPC coating presents multiple extinction peaks in the atmospheric transparent spectral window (ATSW), which arise from distinct vibrational modes of the molecular structure of P(MMA-BA-MAA) particles. These features provide thermal radiation capacity for the passive cooling (Fig. S14c). The CPC coating combines thermal radiation capacity, selective solar reflection (λ = 0.3-0.8 μm), and vibrant structural color. Consequently, the high-crystallinity CPC highlights the potential for color-tunable PDRC design (Fig. S14d). Although thicker CPC coating exhibited superior cooling performance, comprehensive evaluation of optical properties, mechanical stability, and cooling performance established 200 μm as the optimal CPC coating thickness for subsequent experiments. In this regard, the reflectance spectra of CPC layers with green, orange, and red structural color exhibit stronger dominance within the high-intensity solar radiation range compared to the blue CPC layer, resulting in more desirable PDRC performance (Fig. S15). The cooling capacity of the high-crystallinity CPC for diverse substrates was investigated under 1000 W/m2 simulated solar radiation. Interestingly, it could effectively cool these substrates, and ~25.4, 13.5, 9.5, 3.2, 6.1, and 0.8 ℃ temperature drops (ΔT) can be attained for cement, steel, wood, cloth, glass, and PMMA substrates, respectively. This could be attributed to the selective reflection of the high-crystallinity CPC coating for solar, thus preventing the solar heating of substrates. And the temperature of the empty setup was recorded as the control group (41 ℃). By contrast, the CPC coating is unable to cool these substrates below the temperature of the control group, which could be attributed to its insufficient thermal reflection and emission performance (Fig. S16).
Note S9 Development of Robust Photonic Metamaterial Coating
[bookmark: _Hlk205971768][bookmark: _Hlk206163101]Based on the above merits, the resultant 55 wt.% SC monodispersed P(MMA-BA-MAA) colloidal latex demonstrates strong potential to be extended to PDRC coatings. Inevitably, conventional CPC coatings suffer from poor mechanical stability and are easy to peel from the substrate due to insufficient interfacial interactions. To overcome this limitation, we introduced PU as an additive to enhance the mechanical stability of CPC coating. The abundant ester bonds (-COO-) and hydroxy groups (-COOH) in PU chains facilitate robust particle-to-particle and particle-to-substrate interactions through hydrogen bonding (Fig. S17a) [S19]. Fig. S17b presents comparative FT-IR analysis of pure CPCs and PU-enhanced CPCs. Notably, the characteristic peak of O-H stretching vibration (1383 cm-1) and hydrogen bonding modes (3283 cm-1) exhibit significant spectral intensity enhancement following the PU incorporation. Moreover, micro-IR images further visualize the hydrogen-bond interactions through color-coded intensity distributions. However, the massive PU in colloidal latex tended to form cross-linked polymer network and definitely disrupt CPC ordering [S20, S21]. Meanwhile, the amorphous photonic structure potentially influences the color saturation of CPC via Mie scattering (Fig. S17c) [S22]. Whereas, the adhesion grade already reaches 2 when the incorporation of PU exceeds 2 wt.% according to the ISO 2409 standard via a cross-cut test, meeting industrial coating requirements (Fig. S17d) [S23]. Significantly, the effect of the addition of 2 wt.% PU on the optical properties of CPC is negligible. Thus, robust CPC patterns with bright and saturated structural colors can be firmly and facilely printed on various substrates, including paper, wood, steel, cement, polymer, and glass, with the 2 wt.% PU incorporation. Furthermore, we firstly attempt to use the PU/monodispersed P(MMA-BA-MAA) colloidal latex as coatings, and large-scale CPC coatings were successfully realized. The CPC coatings possess extraordinary hiding power and present uniform and stable optical properties.
[bookmark: _Hlk134813355]Note S10 Design of the Hierarchical PDRC Coating
[bookmark: _Hlk155180699][bookmark: _Hlk145755919][bookmark: _Hlk134966332]Inspired by previous research, we proposed a hierarchical PDRC coating with two thermoregulatory effects capable of achieving colored PDRC. The hierarchical coating is constructed via a facile two-step painting process, which is promising for scale-up production (Figs. S21 and S22). The bottom is a glass-polymer metamaterial layer, in which spherical SiO2 micro-particles (particle size: ranging from 200 to 1200 nm) were embedded into the polymer matrix for enhancing Mie scattering and IR emissivity. The existence of strong phonon-polariton resonances of the encapsulated SiO2 particles would lead to an improvement in emissivity [S24-S26]. Meanwhile, for the optimization of SiO2 particle concentration in the glass-polymer bottom layer, we designed samples with different SiO2 particle concentrations from 20 wt.% to 50 wt.%. Given the experimental results, one could derive that SiO2 particle concentrations above 40 wt.% would highly contribute to the IR emissivity. The cooling capacity of the samples was also explored under 1000 W m−2 simulated solar radiation. The 43 wt.% doping amounts of SiO2 in the PU matrix can effectively reduce the surface temperature of cement to 54.9 ℃. Based on the trade-off of the cooling and economic performances, ~43 wt.% doping amount of SiO2 was adopted in the experiment design and radiative cooling application (Fig. S23). 
[bookmark: _Hlk145760543][bookmark: _Hlk155900408]Note S11 Definition of , , and Theoretical Cooling Power of the Hierarchical PDRC Coating
The optical properties of the hierarchical PDRC coating were characterized by UV-Vis-NIR spectrophotometer and FT-IR spectrometer [S27]. From the measured spectrum, the PDRC coating shows both high reflectivity in the region of incident solar wavelength (0.3-2.5 μm) and thermal emissivity in ATSW (8 to 13 µm), which both are over 90% (Fig. 4a). To achieve efficient PDRC, materials must minimally absorb heat from the sun and maximally radiate heat to the outer cold space [S28, S29]. The  and  are important parameters to evaluate the cooling performance of PDRC deisgns. According to Planck's law, the  and  of the hierarchical PDRC coating can be calculated [S30, S31].
        (S7)
         (S8)
where the IAM1.5 is the ASTM G173 global solar intensity spectrum, IBB is the spectral radiance of a blackbody defined by Planck’s law in ATSW. Therefore, according to the measured spectral reflectivity and emissivity of the hierarchical PDRC coating (Fig. 4a), the  and  of the PDRC coating can be calculated as ~0.94 and ~0.97, respectively.
Considering entire heat transfer process of the hierarchical PDRC coating with a temperature of Ts, the theoretical cooling power () can be calculated by the following formula [S32-S34].
        (S9)
           (S10)
         (S11)
          (S12)
         (S13)
[bookmark: _Hlk207876176][bookmark: _Hlk206515203][bookmark: _Hlk150250168]Where  represents the thermal radiation power of the PDRC coating,  is the solar radiation power absorbed by the PDRC coating,  is the atmospheric long wavelength radiation power absorbed by the PDRC coating, and  is the non-radiative power lost due to thermal convection and conduction. Meanwhile, the σ is a Stefan-Boltzmann constant, equals to , the atmospheric emissivity (0.76) obtained from standard spectral of the LWIR atmospheric transmittance in ATSW. Figure S25 demonstrated the calculated theoretical cooling power () and achievable cooling temperatures (ΔT, referring to the temperature difference between the ambient (Tatm) and sample () of the PDRC coating under different non-radiative heat coefficient (q). To clarify, the theoretical of the PDRC coating is calculated as 95.5 W/m2 at ΔT = 0 (, where the interference of thermal convection and conduction () could be ignored. Besides, the equilibrium temperature (Ts, Eq) of the PDRC coating is obtained by setting Pcool(Ts) = 0, resulting in Ts, Eq =280 K. And thus, the hierarchical PDRC coating can achieve a maximum ΔT of 18 ℃ when the q = 0. Even with a strong non-radiative heat transfer (q = 6.9 W m−2 K−1), the maximum ΔT of the hierarchical PDRC coating can still reach ∼8 °C.
[bookmark: _Hlk155337442][bookmark: _Hlk155337107]Note S12 Experimental Characterization of Cooling Performance under Simulated Solar Radiation (Indoor)
Building of experimental platform
Self-built experimental setup was used to characterize the cooling performance of samples under simulated solar radiation. The self-built experimental setup mainly consists of aluminum foil (0.15 mm thick)-wrapped polystyrene foam (15 cm×15 cm×10 cm) with a cubic groove (10 cm×10 cm×5 cm) on the top. The polystyrene foam with low thermal conductivity was employed to enhance the thermal isolation, which could reduce the thermal effect of the environment on experiments. And the wrapped aluminum foil can efficiently reflect the sunlight. Meanwhile, a polyethylene (PE) film was applied on the top of the setup as shielding to reduce thermal convection and conduction between samples and the environment (Fig. S26) [S35, S36].
[bookmark: _Hlk205921509]The indoor characterization of cooling performance
[bookmark: _Hlk206321496][bookmark: _Hlk207726898]In the indoor characterization, the self-built experimental setup was positioned on a 5-cm-thick foam insulation mat beneath a Xenon lamp solar simulator, and the samples were completely exposed to simulated solar radiation. During the experiments, the optical power meter was used to calibrate the solar radiation intensity. Meanwhile, a multi-channel temperature recorder equipped with thermocouples was conducted to collect the ambient and sample temperatures. The tip of the thermocouples is covered with 0.25 mm thick bleached pulp (thermal conductivity, 0.10 W m−1 K−1; thermal resistance, 0.0025 m2 K W−1) to prevent interference from solar heating (Fig. S26) [S37]. Here, 194 K drikold was used as a cold sink for thermal radiation, and ambient temperature was kept at ~25 ℃ in all indoor experiments [S38, S39].
[bookmark: _Hlk148269947]Note S13 Evaluation of Cooling Performance for PDRC Coating under Simulated Solar Radiation
[bookmark: _Hlk206321753][bookmark: _Hlk207726927][bookmark: _Hlk206327519]Practically, a ~550 μm thick PDRC coating was directly constructed into the self-built experimental setup for cooling performance evaluation. Meanwhile, an empty experimental setup without any samples was used as the control group. We compared the temperature difference between the PDRC coating and the control group under simulated solar radiation for 80 minutes. Comparative analysis revealed a sustained temperature differential (ΔT) of 3.9 °C between the PDRC coating and control group during 80-minute exposure to simulated solar radiation at 1000 W/m², confirming its advantage in passive cooling. Furthermore, three sets of parallel experiments were carried out to further demonstrate the solar radiation intensity-dependent cooling behavior of the PDRC coating. The near-linear decline in ΔT from 6.5 to 2.4 °C occurred as under radiation intensity increased from 400 to 1400 W/m2 (Figs. 4b and Fig. S27 to S29). This trend aligns with established PDRC performance models where higher solar fluxes gradually diminish net radiative cooling potential. Notably, the ΔT of the PDRC coating could be maintained at 2.4 ℃, even when the solar radiation was raised to 1400 W/m2. It is worth mentioning that the cold universe (3 K) endows greater thermal emission space for cooling, and thus, the PDRC coating would show more effective cooling performance for outdoor applications. Taking the angle-dependent reflection into account, we have tracked the cooling performance of the PDRC coating under different solar illumination angles (from 0o to 45o) via rotating the setup vertically (Fig. S30). It is found that the temperature of the PDRC coating is gradually reduced, which could be attributed to the angle-dependent reflections and changes in solar reflectivity.
Note S14 Demonstration of Sub-Ambient Daytime Cooling of PDRC Coating (Outdoor)
Similarly, the experimental setup with PDRC coating was exposed to sky and direct sunlight for the outdoor experiment, which was performed on the roof of a six-story building in Nanjing, China (32o6’N, 118o40’E) in late August. The ambient parameters, including ambient temperature, wind speed, humidity, and solar intensity were tracked by a pint-sized automatic weather station. And the temperatures of samples were monitored by the multi-channel temperature recorder. Meanwhile, the whole setup was placed on a platform ~70 cm above the ground (Fig. 4c and Figs. S31-S33). The 6.5 ℃ sub-ambient ΔT was achieved with the PDRC coating in cloudy conditions under 632 W/m2 solar radiation (1.21 m/s wind speed, 63% humidity). Synchronously, a control experiment without PE shielding was designed to evaluate the utility performance of the PDRC coating in application. A stable sub-ambient cooling of ~5.2 ℃ was still achieved, which is prominent in most scenarios. Additionally, to further verify the robustness of the cooling performance of the PDRC coating, the outdoor experiments were carried out under diverse weather conditions in summer. The PDRC coating also ensures average 4.6 ℃ (622 W/m2 solar radiation, 1.0 m/s wind speed, and 59.5% humidity), 5.0 ℃ (580 W/m2 solar radiation, 0.75 m/s wind speed, and 50.6% humidity), 5.6 ℃ (637 W/m2 solar radiation, 0.84 m/s wind speed, and 46.7% humidity), 6.6 ℃ (320 W/m2 solar radiation, 0.61 m/s wind speed, and 71.6% humidity), and 4.7 ℃ (714 W/m2 solar radiation, 1.2 m/s wind speed, and 48.7% humidity) sub-ambient ΔT, respectively (Figs. S35 and S36, Table S6). These results confirm the robust and desired cooling performance of the PDRC coating, showing its all-weather applicability. Notably, during the outdoor experiments, a control setup without samples was designed to determine the reliability of the temperature measurement method. As shown in Fig. S33, the average 0.06 ℃ temperature difference (absolute deviation: 0.37 ℃) between the control sample and the ambient is totally negligible.
[bookmark: _Hlk145761153][bookmark: _Hlk206430414][bookmark: _Hlk207728567]Note S15 Cooling Energy-Saving Simulations of the PDRC Coating as Building Envelopes
[bookmark: _Hlk207728600][bookmark: _Hlk148113551][bookmark: _Hlk206419094]The cooling energy saving simulations for the PDRC coating were conducted using the open-source software OpenStudio (version 3.7.0). The simplified midrise apartment building model was constructed by SketchUp (version Pro 2022) with 36 m2 total floor area, 18 m2 roof area, and 118 m2 total external wall surface area. The windows occupy 7% of the total external wall surface area (Fig. S41). Through comparative simulations against baseline roof and wall materials, we evaluated the energy-saving potential of the colored hybrid PDRC coating in the building prototype. The internal boundary conditions were set at 25 °C (room temperature), while the external boundary conditions were derived from climate data downloaded from the EnergyPlus website in simulations [S40-S42].
Typically, a typical single-family residence in Nanjing consumes approximately 3600 kWh of electric energy annually for normal household appliance operation [S43]. Taking the climate (95 days of hot weather per year) of Nanjing as an example, the use time of air conditioning system is ~7.5 h/day, the electric energy consumption is ~0.5 KWH per hour [S44, S45], and 2 air conditioning systems work for cooling. In this case, we have roughly estimated the electric energy saving of ~712.5 kWh per year of our colored PDRC coating. Therefore, the application of the colored PDRC coating on the exterior walls and roof of the typical single-family building can achieve ~20% annual electric energy saving.
Note S16 Application Exploration for Passive Cooling Effect of the Hierarchical PDRC Coating
[bookmark: _Hlk207887827][bookmark: _Hlk145760330][bookmark: _Hlk150267992][bookmark: _Hlk155095186]Additionally, the potential of the hierarchical PDRC coating has been explored from the visual angle of application. The use of fabric substrates endows the coating with flexibility. The application of wearable products to realize passive cooling for human body was researched based on the excellent flexibility and thermal management performance. As the thermal image in Fig. S42 shows, the hierarchical PDRC coating effectively reduced the temperature (more than 5 ℃) of the covered area of the arm, which is better than white cloth (about 3 ℃). However, the PDRC coating significantly reduced the air permeability, decreasing the gas flux from 4971.41 m3/m2·h·kPa for the untreated white cloth to 25.97 m3/m2·h·kPa, which substantially limits its practicality for real-world applications. Moreover, the outstanding cooling performance of our PDRC coating could be applied to vehicles (Fig. S43). We tested the passive cooling performance of the hierarchical coating with two car models covered by our PDRC coating and nothing. And a white car model was employed to exclude the effect of solar heating of black objects on the evaluation of passive cooling capacity. During the outdoor experiment, the ambient temperature was obtained from weather station. And the inner temperature of car model was tracked using the multi-channel temperature recorder, while the thermal image was monitored by a thermal camera. In another experiment, we have conducted an outdoor experiment to evaluate the PDRC potential in shielded application. A 2-mm-thick PMMA plate without thermoregulatory effect serves as the substrate and control group. The ambient temperature and solar intensity data distribution were recorded by the pint-sized automatic weather station, and the sample temperatures were collected using the multi-channel temperature recorder. The similar temperature curves between ambient and control sample reveal the reliability and accuracy of the test data. Obviously, the PDRC coating cools the air by an average sub-ambient ΔT of 4.6 ℃, which is even superior to the commercial light-blocking fabric (average ~1.4 ℃ sub-ambient ΔT) (Fig. S44). This colored PDRC coating via the effective reflection and strong thermal emission successfully takes account of both cooling and coloring, which represents a major step forward in the field of PDRC designs and offers new insight into functional and scalable applications for architectural cooling and energy saving.
[bookmark: _Hlk148113820]Note S17 Economic Analysis for PDRC Design
[bookmark: _Hlk148361229][bookmark: _Hlk148116547]A techno-economic analysis (TEA) model was employed to roughly estimate the cost of PDRC coating [S46]. Here, the total cost of the PDRC design could be considered as the sum of raw material cost and manufacturing costs, which could be calculated by the following formula: 

                (S15)

[bookmark: _Hlk148361063]Where the U. P. (i) is the unit price of component i, and Ri is the mass ratio of each component. In our case, a simple brush could be used for the large-scale construction of PDRC coating, such the equipment cost is ignored. And the total cost of our PDRC coating is roughly estimated to be ~64 CNY/m2. The costs of raw materials were calculated according to commercial price (China's leading online shopping site), and unit labor cost was defined as ~20 CNY/m2 and ~20 CNY/h.
Supplementary Tables and Figures
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[bookmark: _Hlk206146982]Fig. S1 IR spectrum of resultant P(MMA-BA-MAA) particles and micro-IR images of corresponding characteristic peaks
[image: ]
Fig. S2 Schematics of the stabilization mechanism of latex polymerization assisted by a anionic, b nonionic and c compound surfactants. Ionic surfactant could form electric double layer, while non-ionic surfactant could create hydration layer to maintain particle stability. The synergistic action of ionic and nonionic surfactants ensures the formation of high SC monodispersed latexes. d Monomer conversion-time curve of the whole latex polymerization process. The whole reaction process can be divided into four stages of dispersion, generation, growth, and completion, which fully accord with the kinetic characteristics of latex polymerization.
[image: ]
[bookmark: _Hlk206149550]Fig. S3 a Schematic illustration of the hydration layer thickness regulation mechanism mediated by the two-component surfactant system, aiming to enhance the solid content in monodispersed latex. b Maximum theoretical solid content of the synthesized monodispersed colloidal latex curves with the hydration layer thickness of colloidal particles. The colloidal particles with hydrodynamic diameter of 250 nm serve as the basis for the calculation. 
[image: ]
Fig. S4 Particle size distribution (PSD) and SEM images of the high SC monodispersed P(MMA-BA-MAA) latex (particle size: 268 nm) at different stages of the latex polymerization process: a 1.5 h, b 3 h, c 4.5 h, and d 6 h
[image: ]
[bookmark: _Hlk155606640]Fig. S5 Stability characterizations of the high SC monodispersed P(MMA-BA-MAA) latex. a Zeta potential measurement of the high SC monodispersed P(MMA-BA-MAA) latex. b Photographs of the high SC monodispersed P(MMA-BA-MAA) latex before and after high-speed agitation (2500 rpm) for 30 min. Continuously high-speed agitation did not affect the stability of the latex, and the latex remains uniformly dispersed with iridescent. c Particle size and PDI characteristics of the high SC monodispersed P(MMA-BA-MAA) latex at different storage times. There are no significant changes in particle size and PDI of the latex after stored for 2.5 years.
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Fig. S6 Optical images of the formation of colloidal skin during the evaporation-induced self-assembly


[image: ]
[bookmark: _Hlk149902804][bookmark: _Hlk146099500]Fig. S7 Comparison of assembly performance of 10 wt.% latex and 55 wt.% latex. Schematics and photographs of monodispersed P(MMA-BA-MAA) latexes synthesized via a our latex polymerization strategy and b conventional latex polymerization. Optical photographs (incident light angle: normal direction; illumination types: fluorescent lamp; shooting angle: normal direction) of undisturbed latexes and assembled CPC films of c as-synthesized high SC monodispersed P(MMA-BA-MAA) latex (55 wt.%) and d traditional low SC monodispersed P(MMA-BA-MAA) latex (10 wt.%). Iridescent “colloid skin” of high SC latex enhances the construction of high-quality CPC film with bright and uniform structural color.
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Fig. S8 Reflection spectrum of photonic metamaterial obtained from high SC P(MMA-BA-MAA) monodispersed latexes covering the entire visible spectrum


[image: ]
Fig. S9 Typical 2D atomic force microscopy (AFM) diagram and longitudinal height distribution of the surface of photonic metamaterial constructed by high SC monodispersed P(MMA-BA-MAA) latex

[image: ]
Fig. S10 Schematic drawing of the levitating droplet of P(MMA-BA-MAA) colloidal latex in methyl silicone oil
[image: ]
Fig. S11 Evaporation-induced self-assembly of individual levitating droplets and high-crystallinity photonic metamaterial formation. Temporal evolution of individual levitating droplets with different initial particle concentration 55 wt.% (top row), 30 wt.% (middle row), and 10 wt.% (bottom row) upon solvent evaporation. The 55 wt.% monodispersed latex is outperformed than that of 10 wt.% and 30 wt.% monodispersed latex in assembly efficiency and crystallinity, resulting in high-quality CPC. Scale bar: 200 µm
[image: ]
Fig. S12 1D SAXS intensity profiles and 2D patterns of CPCs with 55 wt.% and 10 wt.% initial particle concentrations, revealing lattice structure
[image: ]
Fig. S13 a Schematic illustration of the angle of incidence light (θ). b Dependence of reflected wavelength on incidence angle. Left is the corresponding optical photograph
[image: ]
[bookmark: _Hlk145761982][bookmark: _Hlk207876702]Fig. S14 Passive cooling performance for the high-crystallinity photonic metamaterial. a Reflectivity of the individual CPCs as a function of the coating thickness. b Optical images of CPC coating with varying thickness (100-400 μm) after the adhesion test. c Absorbance and emissivity spectra of the high-crystallinity CPCs. d Temperature measurements of the high-crystallinity CPC samples with different thicknesses under 1000 W/m2 simulated solar radiation

[image: ]
[bookmark: _Hlk207888821]Fig. S15 a Normalized reflection spectrum for the high-crystallinity CPCs with different structural colors. b Temperature measurements of the high-crystallinity CPC samples with different structural colors under 1000 W/m2 simulated solar radiation

[bookmark: _Hlk150002076]
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[bookmark: _Hlk145759787]Fig. S16 Temperature tracking for a cement, b steel, c cloth, d wood, e glass, and f PMMA polymer substrate and the corresponding substrate with high-crystallinity CPC coating under 1000 W/m2 simulated solar radiation. Blue dotted line indicates the temperature of control sample (41 ℃)
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[bookmark: _Hlk207724489]Fig. S17 Robust CPC coating design. a Illustration of hydrogen bond enhancing mechanism of PU for improving mechanical stability of CPC coating. b FT-IR spectra of pure CPCs and PU-enhanced CPCs, and the corresponding micro-IR images of characteristic peaks. c SEM images of CPC coating doped with different amounts of PU. d Optical photographs of CPC coating doped with different amounts of PU. Inset: results of cross-cut adhesion test
[image: ]
Fig. S18 a Photograph showing (incident light angle: normal direction; illumination types: fluorescent lamp; shooting angle: normal direction) the colored PDRC coating on building external wall produced via a roll coating at a speed of ~0.2 m2/min. b Large-scale CPC coating can be roller-coated on building cement (60 cm by 120 cm), and spray-coated on paper (50 cm by 150 cm). c 55 wt.% SC CPC coating compared with other large-scale CPC coatings, highlighting the unique benefit of the high SC CPC coating of being simultaneously in scale and optical properties (details in Table S5).
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Fig. S19 a Optical property characterization of the large-scale CPC coating at different positions. Scale bar: 10 cm. b Photographs of fibred cement plate before and after coating with CPCs. Scale bar: 10 cm


[image: ]
Fig. S20 Photo showing the 1-L-volume 55 wt.% SC monodispersed P(MMA-BA-MAA) latex that produced in an amplified reaction.


[bookmark: _Hlk145764252]
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[bookmark: _Hlk148097441]Fig. S21 a Schematic of the hierarchical PDRC coating, where the coating reflects the incident solar irradiance and is highly infrared emissive. b Photographs of hierarchical PDRC coating with green, orange, red, and infrared structural colors constructed from CPC upper layers with reflection peaks of 537 nm, 628 nm, 676 nm, and 724 nm, the bottom layer was controlled as glass-polymer coating containing 43 wt.% SiO2 particles. Scale bar: 3 cm


[image: ]
[bookmark: _Hlk134968487]Fig. S22 SEM micrographs of the hierarchical PDRC coating. The PDRC coating with a CPC upper layer directly derived from high SC latex (right) and a glass-polymer bottom layer (left). SiO2 particles with different sizes randomly distributed into PU as the bottom layer, providing enhanced Mie scattering and IR emission. And long-range ordered lattice structure throughout the upper layer to achieve selective solar reflection.





[image: ]
Fig. S23 a SEM image and b size distribution of SiO2 nanoparticles with particle sizes ranging from 200 to 1200 nm. The SiO2 nanoparticles could achieve broadband emissivity by accessing the high-order Frohlich resonances, and produce the scattering peaks covered the Vis-NIR band using the collective effect of multiple Mie resonances. c Photographs of glass-polymer coating, in which SiO2 particles with concentrations of 20 wt.%, 33 wt.%, 43 wt.%, and 50 wt.%, respectively. Scale bar: 3 cm. d Absorbance spectrum of SiO2 particles measured with FT-IR spectroscopy. e Measured emissivity spectra of the glass-polymer coating as a function of the SiO2 particles concentration. f Surface temperature measurements of the glass-polymer coating samples with different SiO2 particle concentrations (substrate: cement)
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[bookmark: _Hlk207873923]Fig. S24 a Optical images of pure CPC coating and colored PDRC coatings with different thicknesses. b Solar reflectance and c IR emission spectra of the hierarchical PDRC coating as a function of effective thickness
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[bookmark: _Hlk207876211][bookmark: _Hlk206511955]Fig. S25 a Calculated theoretical cooling power of the PDRC coating (0.76 atmospheric emissivity) at different q values, Tatm = 25 ℃. b Theoretical cooling power of the colored PDRC coating as function of atmospheric emissivity, Tatm = Ts = 25 ℃

[image: ]
Fig. S26 Indoor radiative cooling characterization using drikold as the cold sink. a Structural diagram of aluminum dome. b Schematic illustration of the indoor thermal measurement system. A drikold-cooled aluminum dome acts as the cold outer space, while a solar simulator provides the solar radiation for the samples. c Temperature tracking of the cold sink. d Photograph of the setup for characterizing indoor PDRC


[bookmark: _Hlk150001123][image: ]
[bookmark: _Hlk206322061][bookmark: _Hlk207466227]Fig. S27 First group of temperature tracking experiments for PDRC coating and control sample under a 400 W/m2, b 600 W/m2, c 800 W/m2, d 1000 W/m2, e 1200 W/m2, and f 1400 W/m2 simulated solar radiation

[bookmark: _Hlk207466281][image: ]
[bookmark: _Hlk207727087][bookmark: _Hlk206328015]Fig. S28 Second group of temperature tracking experiments for PDRC coating and control sample under a 400 W/m2, b 600 W/m2, c 800 W/m2, d 1000 W/m2, e 1200 W/m2, and f 1400 W/m2 simulated solar radiation
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[bookmark: _Hlk207727195]Fig. S29 Third group of temperature tracking experiments for PDRC coating and control sample under a 400 W/m2, b 600 W/m2, c 800 W/m2, d 1000 W/m2, e 1200 W/m2, and f 1400 W/m2 simulated solar radiation


[bookmark: _Hlk150002139][image: ]
Fig. S30 Cooling performance evaluation of the PDRC coating under different solar illumination angles

[bookmark: _Hlk150197528][image: ]
[bookmark: _Hlk145759059]Fig. S31 Photograph of the setup for the outdoor measurements of PDRC performance in Nanjing, China (32o6’N, 118o40’E). Control experiment without PE shielding was designed to evaluate the utility performance of the PDRC coating in application

[bookmark: _Hlk150000145][image: ]
Fig. S32 Digital Photograph of the setup for the outdoor measurements in Nanjing, China (32o6’N, 118o40’E) of PDRC performance. Cooling performance of the PDRC coating was compared with CPC coating and the commercial cooling coating
[bookmark: _Hlk150000302][image: ]
Fig. S33 a Temperatures of ambient and control setup in outdoor experiment in Nanjing, China (32o6’N, 118o40’E). b Temperature difference between ambient and control setup
[image: ]
[bookmark: _Hlk147994112]Fig. S34 Evaluation of cooling performance of commercial cooling coating, CPC coating, and the hierarchical PDRC coating under direct sunlight a in sunny (August 23th, 2023) and b in overcast (August 30th, 2023)

[image: ]
[bookmark: _Hlk147994364]Fig. S35 Outdoor experiments for the characterization of cooling performance of the PDRC coating. Sub-ambient cooling was achieved in Nanjing in a August 21th, b August 23th, c August 24th, d August 25th, e August 30th, and f September 1th. Orange dotted line indicates the average Isolar

[image: ]
[bookmark: _Hlk147994423]Fig. S36 Average sub-ambient ΔT among all outdoor experiments. And average solar intensity for reference

[bookmark: _Hlk150001872][image: ]
[bookmark: _Hlk145760071]Fig. S37 Characterization of cooling performance of the hierarchical PDRC coating as building envelopes. a Surface temperature tracking and b chamber temperature tracking for the building cement covered by different coatings under 1000 W/m2 simulated solar radiation
[image: ]
[bookmark: _Hlk207887476]Fig. S38 Reflectivity spectra of PMMA covering (green curve), commercial cooling coating (blue curve), CPC (black curve), and hierarchical PDRC coating (red curve) from 300 nm to 2000 nm
[image: ]
[bookmark: _Hlk207728750]Fig. S39 Simplified midrise apartment building model for OpenStudio simulations
[image: ]
[bookmark: _Hlk145761283][bookmark: _Hlk146123139]Fig. S40 a Relationship between temperature characterization of building envelope samples and days (25 days). Inset: physical maps of the building envelope sample with hierarchical PDRC coating (size: 100 cm2) for 25 days. b Estimated cooling electrical energy savings percentage per year of the hierarchical PDRC coating used as building envelopes for a typical single-family housing

[image: ]
[bookmark: _Hlk207886864]Fig. S41 a Optical photographs of the pristine colored PDRC coating and the coating irradiated by simulated solar (1000 W/m2) and UV light. Inset: cross-cut adhesion test of coating. b Photographs of the colored PDRC coating suffered from water flushing. c Reflectivity, and d emissivity of the pristine colored PDRC coating and the coating radiated by simulated solar (1000 W/m2), UV light, and water flushing. e Wear fastness of the colored PDRC coating


[image: ]
Fig. S42 Hierarchical PDRC coating applied to the human body for cooling
[image: ]
[bookmark: _Hlk145763941][bookmark: _Hlk146533769]Fig. S43 a Digital photographs of the identical car models in outdoor experiments. b Weather parameters in Nanjing, China (32o6’N, 118o40’E) in August 16th 2024. c Temperature test curves of the identical black car models exposed to the sun (black curve). Temperature data of the white car model (blue curve). And temperature tracking for the black car model coated by the hierarchical PDRC coating (red curve)

[bookmark: _Hlk145664043][bookmark: _Hlk134641314][image: ]
Fig. S44 a Photograph of the setup to evaluate the PDRC potential in shielded application. b Temperature tracking of control, light-blocking fabric, and PDRC coating samples in Nanjing, China (32o6’N, 118o40’E, September 8th, 2023). The ambient parameters, including ambient temperature, wind speed, humidity, and solar intensity were collected by a pint-sized automatic weather station
[bookmark: _Hlk134641402]Table S1 Synthesis of P(MMA-BA-MAA) colloidal latex using mono-component surfactant (SDS)
	Sample No.
	SDS (g)
	Monomer (g)
	Particle size (nm)
	PDI
	SC (wt.%)

	S-1-1
	1.8
	60
	210
	0.027
	21.4

	S-1-2
	2.2
	60
	187
	0.022
	23.8

	S-1-3
	2.5
	60
	164
	0.017
	24.4

	S-1-4
	1.8
	90
	260
	0.062
	28.5

	S-1-5
	2.2
	90
	234
	0.053
	31.7

	S-1-6
	2.5
	90
	217
	0.044
	30.5

	S-1-7
	2.5
	120
	263
	0.092
	39.2

	S-1-8
	2.5
	150
	\
	\
	\

	S-1-9
	3.2
	150
	335
	0.173
	44.9

	S-1-10
	3.6
	150
	313
	0.117
	43.5


MMA: BA: MAA = 8:2:1 (mass ratio), H2O = 130 g, KPS = 0.5 g, NaHCO3 = 0.5 g, reaction temperature: 85 ℃, reaction time: 7 h.
Table S2 Synthesis of P(MMA-BA-MAA) colloidal latex using dual-component surfactants (SDS and CO897)
	Sample No.
	SDS (g)
	CO897
(g)
	Monomer (g)
	Particle size (nm)
	PDI
	SC (wt.%)

	S-2-1
	0.2
	0.6
	70
	174
	0.014
	31

	S-2-2
	0.2
	0.6
	90
	196
	0.054
	36

	S-2-3
	0.35
	1.15
	90
	168
	0.013
	41

	S-2-4
	0.35
	1.15
	130
	245
	0.016
	45

	S-2-5
	0.35
	1.15
	150
	278
	0.045
	49

	S-2-6
	0.45
	1.35
	170
	291
	0.033
	52

	S-2-7
	0.45
	1.35
	190
	374
	0.143
	61

	S-2-8
	0.5
	1.5
	190
	343
	0.082
	63

	S-2-9
	0.5
	1.5
	210
	\
	\
	\


MMA: BA: MAA = 8:2:1 (mass ratio), H2O = 130 g, KPS = 0.5 g, NaHCO3 = 0.5 g, reaction temperature: 85 ℃, reaction time: 7 h.
Table S3 Effect of monomer amount on high SC P(MMA-BA-MAA) colloidal latex via the latex polymerization method
	Sample No.
	SDS (g)
	CO897
(g)
	Monomer (g)
	Particle size (nm)
	PDI
	SC (wt.%)

	S-3-1
	0.45
	1.35
	70
	174
	0.007
	31

	S-3-2
	0.45
	1.35
	90
	196
	0.004
	36

	S-3-3
	0.45
	1.35
	110
	220
	0.013
	41

	S-3-4
	0.45
	1.35
	130
	245
	0.016
	45

	S-3-5
	0.45
	1.35
	150
	268
	0.025
	49

	S-3-6
	0.45
	1.35
	170
	291
	0.033
	52

	S-3-7
	0.45
	1.35
	180
	324
	0.047
	55

	S-3-8
	0.45
	1.35
	190
	374
	0.143
	63

	S-3-9
	0.45
	1.35
	200
	\
	\
	\


MMA: BA: MAA = 8:2:1 (mass ratio), H2O = 130 g, KPS = 0.5 g, NaHCO3 = 0.5 g, reaction temperature: 85 ℃, reaction time: 7 h.
[bookmark: _Hlk205902478][bookmark: _Hlk205902564]Table S4 Effect of surfactant amount on high SC P(MMA-BA-MAA) colloidal latex via the developed latex polymerization method
	Sample No.
	Surfactant
(g)
	Monomer (g)
	Particle size (nm)
	PDI
	SC (wt.%)

	S-4-1
	0.8
	170
	\
	\
	\

	S-4-2
	1.0
	170
	\
	\
	\

	S-4-3
	1.2
	170
	376
	0.172
	45

	S-4-4
	1.5
	170
	321
	0.074
	48

	S-4-5
	1.8
	170
	291
	0.033
	52

	S-4-6
	2.1
	170
	269
	0.028
	53

	S-4-7
	2.4
	170
	245
	0.017
	51

	S-4-8
	2.7
	170
	223
	0.016
	53

	S-4-9
	3.0
	170
	202
	0.014
	52


MMA: BA: MAA = 8:2:1 (mass ratio), CO897: SDS = 3:1 (mass ratio), H2O = 130 g, KPS = 0.5g, NaHCO3 = 0.5g, reaction temperature: 85 ℃, reaction time: 7 h.
Table S5 Summary of scale and optical property of representative large-scale CPC coatings
	Related work
	FWHM
(nm)
	Scale of area 
(m2)

	Our work
	43
	0.72

	1 [S47]
	157
	0.017

	2 [S48]
	33
	0.015

	3 [S49]
	67
	0.018

	4 [S50]
	48
	0.24

	5 [S51]
	170
	0.6


[bookmark: _Hlk149480358]Table S6 Outdoor experiments under typical summer weathers in Nanjing, China (32o6’N, 118o40’E)
	Date
	Solar intensity
(W/m2)
	Wind speed
(m/s)
	Humidity
(%)
	[bookmark: _Hlk207717703]Average sub-ambient ΔT (℃)
	Maximum sub-ambient ΔT
(℃)

	Aug. 21th
	632
	1.21
	63
	5.2
	7.9

	Aug. 23th
	622
	1.00
	59.5
	4.6
	7.2

	Aug. 24th
	580
	0.75
	50.6
	5.0
	8.1

	Aug. 25th
	637
	0.84
	46.7
	5.6
	8.0

	Aug. 30th
	320
	0.61
	71.6
	6.6
	9.1

	Sep. 1th
	714
	1.20
	48.7
	4.7
	7.8





[bookmark: _Hlk207461119][bookmark: _Hlk148113146]Table S7 Economic analysis for representative large-scale PDRC designs
	[bookmark: _Hlk148112616]Related work
	Raw material cost (CNY/m2)
	Manufacturing costs 
(CNY/m2)
	Total cost (CNY/m2)

	1 (Our work)
	~44
	~20
	~64

	[bookmark: _Hlk207717948]2 [S32]
	~55
	~20
	~75

	3 [S52] 
	~35
	~20
	~55

	4 [S53] 
	~670
	~60
	~730

	5 [S54] 
	~61
	~20
	~81

	6 [S27]
	~450
	~20
	~470

	7 [S55] 
	~115
	~50
	~165

	8 [S25]
	~335
	~20
	~355


[bookmark: _Hlk148118790]Table S8 Summary of representative large-scale PDRC designs
	Related work
	 (W/m2)
	Main
Materials
	Scale of area (m2)
	Substrate
	Method
	Sub-ambient ΔT (℃)
	Total cost (CNY/m2)

	1 (Our work)
	95.5 (Theoretical)
	CPC and SiO2
	Meter scale
	Versatility
	Paint-like applicability
	~5.3
(584 W/m2)
	~64

	2 [S32]
	45.7
(Measured)
	Styrene-acrylate emulsion and hollow glass microspheres
	~20
	Versatility
	Paint-like applicability
	~3.5
(~996 W/m2)
	~75

	3 [S52]
	64.5
(Theoretical)
	TiO2 particles and glass microspheres
	Meter scale
	Versatility
	Paint-like applicability
	~6
(~744 W/m2)
	~55

	4 [S53]
	74.4
(Theoretical)
	Structural polymer
	~0.06
	Self-supporting
	Etching-Inverting
	~5.5
(~930 W/m2)
	~730

	5 [S54]
	16 (Measured)
	Wood
	~0.1
	Self-supporting
	Delignification and densification
	~4
(middy)
	~81

	6 [S27]
	96 (Measured)
	Solvent and polymer
	~0.1
	Versatility
	Phase
inversion
	~6
(~820 W/m2)
	~470

	7 [S55]
	~50
(Theoretical)
	TiO2 particles and polylactic acid
	~4.5
	Self-supporting
	Melt-spinning and weaving
	~2
(~580 W/m2)
	~165

	8 [S25]
	93 (Measured)
	Glass-polymer
	5 m/min
	Silver film.
	roll-to-roll manner
	~10 (night)
	~355


[bookmark: _Hlk207875675]Table S9 Summary of representative colored PDRC designs 
	Related work
	 (W/m2)
	Mechanism
	Coloring
Materials
	Scale of area (m2)
	Method
	ΔT (℃)

	1 (Our work)
	95.5 (Theoretical)
	Selective narrowband reflection
	CPCs
	Meter scale
	Paint-like applicability
	~5.3
(584 W/m2)

	2 [56]
	69.2
(Theoretical)
	Selectively absorbance
	Photoluminescent CDs
	Centimeter scale
	Coaxial wet-spinning
	~5.1
(~923 W/m2)

	3 [57]
	/
	Selective reflection
	ZnS@SiO2 colloidal crystals 
	Decimeter scale
	Spray coating
	5-7
(800 W/m2, simulated skin)

	4 [38]
	74.4
(Measured)
	Interferometric Retroreflection
	PS microsphere monolayer
	Centimeter scale
	unidirectional rubbing
	4
(>1000 W/m2)

	5 [37]
	/
	Selective reflection
	Cellulose nanocrystals
	Meter scale
	Roll-to-Roll Deposition
	~1.4
(~900 W/m2)

	6 [58]
	/
	Selectively absorbance
	 Thermochromic microcapsules
	Meter scale
	Asymmetric deposition
	~6
(~820 W/m2)

	7 [59]
	/
	Thin-film resonation
	TiO2 and Si3N4 bilayer
	Centimeter scale
	Layer-by-layer steaking
	~3.9
(~800 W/m2)





[bookmark: _Hlk207463823]Video S1 Tracking for colloidal skin formation
[bookmark: _Hlk207478718]Video S2 Construction of CPC coating with high efficiency on building cement
[bookmark: _Hlk207887221]Video S3 Water resistance test for the colored PDRC coating under flowing stream
[bookmark: _Hlk207887236]Video S4 Wear fastness of the colored PDRC coating
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