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Supplementary Text:

Calculation of the cooling power intensity

In the following equation (1), Prad(T) is the power radiated outward by the radiator,

Patm is the atmospheric longwave radiation power absorbed by the radiator, and Psolar is

the absorbed solar irradiance. Pnonrad refers to the non-radiative heat transfer power

between the radiator and the surrounding environment, that is, conduction and

convection.

Pcooling(T) = Prad(T)-Psolar-Patm-Pnonrad (1)

Among them, Dabs is the absorption spectrum of the device, Aatm is the downward

long-wave radiation flux spectrum of the atmosphere, Isolar is the solar spectrum, and

the Ibb is the radiation power spectrum of the black-body at T. The h is the

non-radiative heat transfer coefficient between the device and the surrounding

environment, the T and Tamb are the device temperature, ambient air temperature,

respectively.

These individual calculations are given by the following equations:[1,2]

Patm = ∫ DRC(λ) Aatm(λ) (2)

Psolar = ∫ DRC(λ) Isun(λ) (3)

Prad = ∫ DRC(λ) Ibb(λ) (4)

Pnonrad = h(T-Tamb) (5)

Among them, DRC is the absorption spectrum of the device, Aatm is the downward

long-wave radiation flux spectrum of the atmosphere, Isun is the solar spectrum, and

the Ibb=
2ℎ�2

�5(�
ℎ�

���−1)
is the radiation power spectrum of the black-body at T. The h is the

non-radiative heat transfer coefficient between the device and the surrounding

environment, the T and Tamb are the device temperature, ambient air temperature,

respectively.

Calculation of the average solar reflectivity and thermal emissivity

The solar reflectance (Rsolar) and mid-infrared band thermal emissivity (εIR). The

selective longwave infrared (LWIR) emittance (εLWIR) measured by experiment, their



average value can be calculated by the following equations:[3]

�solar =
0.3 μm
2.5 μm IAM1.5(λ)R(λ)d(λ)�

0.3 μm
2.5 μm IAM1.5(λ)d(λ)�

(6)

And

�IR =
2.5μm
25 μm Ibb(λ,T)ε(λ)d(λ)�

2.5μm
25 μm Ibb(λ,T)d(λ)�

(7)

�LWIR =
8 μm
13 μm Ibb(λ,T)ε(λ)d(λ)�

8 μm
13 μm Ibb(λ,T)d(λ)�

(8)

The IAM1.5(λ) is the AM 1.5 global standard solar intensity and R(λ) is the solar

reflectivity of radiative cooler at wavelength λ. Ibb(λ,T) is the radiation of a blackbody

at a temperature of T and a wavelength of λ.



Supplementary Figures:

Fig. S1 Diagram of the fabrication process of the SA film and white film by stirring,

mixing and drying.



Fig. S2 Microstructures and chemical properties of materials. (a) The EDS elemental

mappings of Si, O, Na, Ca and B in HGMs. (b) The SEM images of TiO2

nanoparticles. (c) The XRD spectrum of TiO2 nanoparticles. (d, e) The EDS elemental

analysis of REPs.



Fig. S3 The reflectance of composite films with corresponding mass ratio in Table S1.



Fig. S4 Physicochemical information of the PDMS. (a) Chemical structure of the

PDMS. (b) The three-dimensional structure of the PDMS (n = 2).



Fig. S5 The actual indoor and outdoor cooling devices. (a) The actual indoor cooling

device. (b) The actual outdoor cooling device.



Fig. S6 Stress-strain curves of SA films of different thicknesses. (a) Stress-strain

curve for SA film of 410 μm thickness. (b) Stress-strain curve for SA film of 510 μm

thickness.



Table S1. The mass ratios of PDMS, TiO2, HGMs, and REPs in the our composite

film.

Compositions
Samples

PDMS TiO2 HGMs REPs

S1 60 % 26 % 5 % 9 %

SA film 60 % 23 % 5 % 12 %

S3 60 % 20 % 5 % 15 %

S4 60 % 17 % 5 % 18 %



Table S2. The reflectances of the white film and SA film in visible (0.4 to 0.78 μm; RVIS) and

near shortwave infrared (NSWIR) (0.78 to 2.5 μm; RNSWIR), and the broadband solar reflectance

(0.3 to 2.5 μm; Rsolar) and the longwave infrared (LWIR) emittance (2.5 to 25 µm; εLWIR), and the

selective infrared (IR) emittance (8 to 13 µm; εIR).

Samples White film SA film

RVIS 0.903 0.938

RNSWIR 0.894 0.911

Rsolar 0.881 0.903

εLWIR 0.945 0.953

εIR 0.950 0.955



Table S3. The comparison of cooling performance with other reported results

involves reflectance (0.3 to 2.5 μm), emittance (2.5 to 25 µm), and the temperature

differences between the ambient environment and the radiative coolers (ΔT).

Samples Reflectance Emittance ΔT (℃) Ref.

Fluorescent coatings 0.898 0.900 7 [1]

Polymethyl
methacrylate films 0.850 0.984 8.1 [4]

Shish-kebab
superstructure films 0.830 0.870 8.2 [5]

Cellulose-based fabric 0.917 0.900 7.5 [6]

Self-Cleaning polymer
composites 0.921 0.75 7.8 [7]

Scalable-manufactured
dual-layer coating 0.880 0.920 3.6 [8]

Double-layer coating 0.90 0.90 / [9]

A tandem
radiative/evaporative

cooler
0.930 0.800 10 [10]

SA film 0.903 0.953 11.4 This
work
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