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 10 

Supplement 1. Refractive index n and extinction coefficient k of the material 11 

(1) Optical constants of POE 12 

The relative dielectric function of the medium in the presence of light absorption 13 

is1 14 

𝜀(𝜔) = 𝜀1(𝜔) + 𝑖𝜀2(𝜔) 15 

where 𝜀1(𝜔) is the real part of the relative dielectric function and 𝜀2(𝜔) is the 16 

imaginary part of the relative dielectric function. 17 

Complex refractive index of the absorbing medium2:  18 

𝑛̌(𝜔)=𝑛(𝜔) + 𝑖𝑘(𝜔) 19 

where the real part 𝑛(𝜔) of the complex refractive index is the usually measured 20 

refractive index and the imaginary part 𝑘(𝜔) is the extinction coefficient. 21 

The relationship between the complex refractive index and the complex relative 22 

dielectric function of the medium is given by: 23 

[𝑛(𝜔) + 𝑖𝑘(𝜔)]2 = 𝜀1(𝜔) + 𝑖𝜀2(𝜔) 24 

From the separate equality of the real and imaginary parts, we get 25 

𝑛(𝜔)2 − 𝑘(𝜔)2 = 𝜀1(𝜔) 26 

2𝑛(𝜔) 𝑘(𝜔) = 𝜀2(𝜔) 27 

Using the above relations3, through the dielectric constant and dissipation factor 28 

of POE, we obtained the refractive index 𝑛 (1.48) and extinction coefficient 𝑘 (0.004) 29 

of POE. Optical constants for Ag from Ref 4. 30 

 31 

(2) Optical constants of W-VO2 32 

VO2 is a typical phase transition material with its phase transition temperature near 33 

68°C. The lattice distortion of vanadium dioxide can be fundamentally induced by a 34 

small amount of tungsten doping, which reduces its phase transition temperature and 35 

adjusts it to near room temperature5-7. Meanwhile, doping W hardly changes the optical 36 

properties of VO2 before and after the phase transition. Because the amount of tungsten 37 

doping is relatively small, it has essentially no effect on the material's dielectric 38 

constant8, 9. Therefore, in this paper, we use the optical constants of VO2 as an 39 

approximate substitute for the optical constants of W-VO2 in our calculations. 40 

The optical constants of VO2 were calculated from the literature10, 11 using the 41 
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same method as Fan et al12: 42 

𝜀(𝜔) = 𝜀∞ +
(𝜀𝑠 − 𝜀∞) ⋅ 𝜔𝑡
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 43 

The specific parameters for calculating the optical constants are: 44 

 𝜀∞ 𝜀𝑠 𝜔𝑡 Γ0 𝜔𝑝 Γ𝑑 

VO2(M) 0.47 2.64 0.89 eV 1.21 eV 0 0 

VO2(I) 2.95 -13.90 0.86 eV 3.75 eV 4.47 eV 0.82 eV 

 45 

(3) Optical constants of POE+ W-VO2 46 

Based on the equivalent medium theory, the effective dielectric constant of the 3D 47 

random medium is 𝜀𝑒𝑓𝑓 =
∑ 𝜀𝑖𝑉𝑖

∑ 𝑉𝑖
 , where 𝑉𝑖  is the volume of the ith medium13. We 48 

calculate the refractive index n and the extinction coefficient k of the POE+W-VO2 49 

layer. The effective refractive index n of the hybrid layer is 𝑛VO2(W) × 𝑉1 + 𝑛𝑃𝑂𝐸 × 𝑉2 50 

The effective extinction coefficient k of the hybrid layer is 𝑘VO2(W) × 𝑉1 + 𝑘𝑃𝑂𝐸 × 𝑉2, 51 

where 𝑉1  and 𝑉2 are the volume fractions of W-VO2 and POE in the hybrid layer, 52 

respectively. 53 

 54 

 55 
 56 

Supplement 2. Effect of Volume Ratio on Adaptive Radiative Coolers 57 

The thickness of the POE layer in the F-P resonance cavity was set to 600 nm, and 58 

the thickness of the hybrid layer was set to 1 um. The effects of different mixing ratios 59 

of W-VO2 and POE in the mixed layer on the optical performance of the radiative cooler 60 

were investigated. 61 

Figure S1. refractive index n and extinction coefficient k of the materials. (a) Refractive 

index n and extinction coefficient k of Ag; (b) refractive index n of POE+ W-VO2 hybrid 

layer at high and low temperatures; (c) extinction coefficient k of POE+ W-VO2 hybrid layer 

at high and low temperatures. 



 62 

 63 

Supplement 3.  Effect of Mixed Layer Thickness on Adaptive Radiant Coolers 64 

The thickness of the POE layer in the F-P resonant cavity is set to be 600 nm, and 65 

the volume share of W-VO2 in the hybrid layer is set to be 0.05 constant. The effect of 66 

the hybrid layer thickness on the optical performance of the adaptive radiative cooler 67 

was explored.  68 

 69 

Figure S2 Effect of W-VO2 volume occupancy on the optical performance of adaptive radiative 

coolers. (a) Absorbance of the radiative cooler in the visible-near-infrared (V-NIR) band when 

W-VO2 is in the metallic state; (b) Absorbance of the radiative cooler in the mid-infrared (MIR) 

band when VO2 is in the metallic state; (c) Absorbance of the radiative cooler in the visible-near-

infrared (V-NIR) band when W-VO2 is in the insulating state; (d) Absorbance of the radiative 

cooler in the mid-infrared (MIR) band when W-VO2 is in the insulating state. 

 



 70 

 71 

Supplement 4. Effect of spacer thickness on adaptive radiant coolers 72 

The volume percentage of W-VO2 in the hybrid layer was set to 0.05, and the 73 

thickness of the hybrid layer was kept constant at 1 um. The effect of the thickness of 74 

the POE spacer layer on the optical performance of the radiant cooler was explored.  75 

 76 

Figure S3 Effect of mixing layer thickness on the performance of adaptive radiative cooler (a) 

Absorption rate of the radiative cooler in the visible-near infrared (V-NIR) band when W-VO2 

is in the metallic state; (b) Absorption rate of the radiative cooler in the mid-infrared (MIR) band 

when W-VO2 is in the metallic state; (c) Absorption rate of the radiative cooler in the visible-

near infrared (V-NIR) band when W-VO2 is in the insulating state; and (d) Absorption rate of the 

radiative cooler in the mid-infrared (MIR) band when W-VO2 is in the insulating state. 

 

 



 77 

Supplement 5. Average emissivity 78 

According to Kirchhoff's law, the spectral emissivity ε is equal to the spectral 79 

absorptivity under thermal equilibrium conditions. Therefore, for opaque materials, the 80 

spectral emissivity 𝜀(𝜆) can be expressed as14, 15: 81 

𝜀(𝜆) = 𝛼(𝜆) = 1 − 𝑅(𝜆) 82 

where 𝑅(𝜆) is the spectral reflectance. 83 

The formula is then used to integrate the spectral emissivity ε over the blackbody 84 

radiation spectrum to obtain the average emissivity 𝜀: 85 

𝜀 =
∫ (1 − 𝑅(𝜆))𝐵(𝜆, 𝑇)𝑑𝜆

𝜆2

𝜆1

∫ 𝐵(𝜆, 𝑇)𝑑𝜆
𝜆2

𝜆1

 86 

where 𝐵(𝜆, 𝑇) is the blackbody radiation at a temperature of 𝑇 . 87 

 88 

Supplement 6.  Calculation of radiative cooling performance 89 

In order to further demonstrate the effectiveness of the adaptive radiative cooler, 90 

the net radiative cooling power has been calculated at both high and low temperatures. 91 

Generally, a radiative cooler's net radiative cooling power can be defined as follows16.  92 

𝑄𝑛𝑒𝑡  =  𝑄𝑟𝑎𝑑 − 𝑄𝑎𝑡𝑚 − 𝑄𝑛𝑜𝑛𝑟𝑎𝑑 − 𝑄𝑠𝑢𝑛  (1) 93 

Where 𝑄𝑠𝑢𝑛 is the solar radiation power absorbed by the radiant cooler, 𝑄𝑠𝑢𝑛 =94 

 𝑃𝑠𝑢𝑛  𝜀1  during the daytime, 𝜀1  is the solar absorption rate, and it is assumed that 95 

𝑄𝑠𝑢𝑛=1000W/m2 during the daytime and 𝑄𝑠𝑢𝑛 = 0 during the nighttime. 96 

where the radiant power 𝑄𝑟𝑎𝑑 emitted by the radiator is 97 

𝑄𝑟𝑎𝑑 = 2Π ∫ 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃 𝑑𝜃
𝛱

2
0
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∞

0
 𝑒𝑟(𝜆, 𝜃)𝑑𝜆  (2) 98 

The atmospheric radiant power 𝑄𝑎𝑡𝑚 absorbed by the radiator is 99 

𝑄𝑎𝑡𝑚 = 2Π ∫ 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃 𝑑𝜃
𝛱

2
0

∫ 𝑈𝐵(𝑇𝑎, 𝜆)
∞

0
 𝑒𝑟(𝜆, 𝜃)  𝑒𝑎(𝜆, 𝜃)𝑑𝜆  (3) 100 

Here, 𝑈𝐵(𝑇, 𝜆) =
2ℎ𝑐2

𝜆5

1

𝑒ℎ𝑐/𝜆𝑘𝐵 𝑇−1
 is the intensity of the spectral radiation of the 101 

blackbody at temperature 𝑇, where ℎ is Planck's constant, kB is Boltzmann's constant, 102 

𝑐 is the speed of light in vacuum, and 𝜆 is the wavelength. According to Kirchhoff's 103 

law, the emissivity of a radiator can be determined by its absorptivity  𝑒𝑟(𝜆, 𝜃), and 104 

  𝑒𝑎(𝜆, 𝜃) is the atmospheric emissivity with respect to the angle. The absorptivity is 105 

determined by the angle-dependent atmospheric emissivity,  𝑒𝑎(𝜆, 𝜃) = 1 − 𝑡(𝜆)1/𝑐𝑜𝑠𝜃, 106 

where 𝑡(𝜆)  is the atmospheric transmittance in the zenith direction. 𝑇𝑟  is the 107 

temperature of the radiator and 𝑇𝑎 is the ambient temperature17. 108 

Figure S4 Effect of spacer layer POE thickness on the performance of adaptive radiative 

cooler (a) Absorption rate of the radiative cooler in the visible-near infrared (V-NIR) band 

when W-VO2 is in the metallic state; (b) Absorption rate of the radiative cooler in the mid-

infrared (MIR) band when W-VO2 is in the metallic state; (c) Absorption rate of the 

radiative cooler in the visible-near infrared (V-NIR) band when W-VO2 is in the insulating 

state; and (d) Absorption rate of the radiative cooler in the mid-infrared (MIR) band when 

W-VO2 is in the insulating state. 

 

 

 



The non-radiative (conduction + convection) heat transfer from the radiator to the 109 

surroundings can be defined as 110 

𝑄𝑛𝑜𝑛𝑟𝑎𝑑 = h𝑐(𝑇𝑎𝑚𝑏 − 𝑇𝑟) (4) 111 

Where, h𝑐 is the sum of non-radiant heat coefficients resulting from heat transfer 112 

and convective heat exchange between the radiator and the surroundings. It is expressed 113 

as: h𝑐 = ℎ𝑐𝑜𝑛𝑑 + ℎ𝑐𝑜𝑛𝑣. The cooling temperature is calculated with 𝑄𝑛𝑒𝑡 = 0. 114 

 115 

 116 
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