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Supplementary Note

1. Calculation of the average solar reflectivity (Rsonr) and average
atmospheric window emissivity (ELwir)

The definition of average solar reflectivity (Rsolar) is given by:

solar

ﬁsolar = 0.3um 25um (1)
J Isolar(l)dﬂ“

0.3um

[ g ()% R (D)2

where 4 is the wavelength, Lu(4) is the reference direct normal spectral irradiance
ASTM 1.5G, representing the global solar intensity, and Roar(4) is the measured
reflectivity of the CCTM film.

The definition of average atmospheric window emissivity (£ wir) is given by:
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where T is the temperature of a blackbody, &(7'4) is the thermal emissivity spectrum of

the CCTM film. Ip(4,7) is the irradiance intensity of the blackbody at temperature 7,

according to Planck’s law:
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where 4 is the Planck constant, c is the velocity of light in vacuum, £ is the Boltzmann’s
constant.

2. Calculation of the radiation cooling power of the CCTM film

The steady state heat transfer equilibrium process of the CCTM film illustrated is
in Fig. 4a, where Prq is the energy emitted from the surface of CCTM film, Py is
absorbed energy from the atmospheric radiation, Psorar 1S the absorbed solar energy, and
Pcond-conv 18 the non-radiative losses from the surrounding environmental conductive
and/or convective heat exchange.

For a radiative cooling CCTM film, the net cooling power (Pret) can be calculated

by:



I:)net = I:)rad (Tr ) - I:)sky - I:)solar - I:)cond —conv (4)

where T; is the radiation temperature (the surface temperature of the film). Hence, Praq

can be described as follows:
Pa =7 |, [26,(1,0)1,(A.T,)sin(20)dod A (5)
where ¢, (4,0) is the emissivity of the CCTM film in the range of MIR. I, (1,T,) is

the irradiance intensity of the blackbody at temperature 7.
According to the thermal radiation principles, the absorbed sky radiation energy

can be calculated by:

Py =7 jo“” joz a,(1,0)1.(1,0,T)sin(20)dod A (6)
where «, (4,0) is the absorbance of the CCTM film and equals to the emissivity of
the film ¢, (4,0) according to Kirchhoff’s law of thermal radiation. In addition, the
radiation energy of sky can be given by:

1.(4,0,T)=¢,(1,0)1,(1,T)) (7)
where T is the ambient temperature, &,(4,6) is the emissivity of sky, which can be
taken as:

&,(4,0) =1-[z,(2,0)]"*" (8)
where 7,(4,0) represents the sky transmissivity at vertical direction.

The absorbed solar energy Psoiar can be described as follows:
I:)solar = _[0 i ar (ﬂ” gsun) I AM1.5 (/Il)d ﬂ’ (9)
where 0,,, is the incident angle of sunlight on the film, 74 5(4) is the reference direct

normal spectral irradiance ASTM 1.5G.

The non-radiative energy losses Pcond-conv can be expressed as:
I:)cond —conv q (Ta - Tr ) ( 1 0)

where ¢ is the non-radiative heat coefficient composed of the thermal conduction and

convection.



Supplementary Fig. 1. Digital photos of CCTM suspension at low temperatures
(colored) and high temperatures (colorless), respectively.



Supplementary Fig. 2. The SEM image of TMP.
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Supplementary Fig. 3. The CIE chromaticity coordinates of four samples.
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Supplementary Fig. 4. UV spectrums of the TMP suspension at high temperatures
(colorless) and low temperatures (colored), respectively.
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Supplementary Fig. 5. a and b Moving-window two-dimensional correlation spectra

and ¢ accurate association temperature of—~OH groups at 2852 cm™!.



48— =
o~ o =
.
s 371~ _
= :
=
2
=" -
g
-]
= ©
29 _
e, T =
21 =
2048 2932 2916 2900

Wavenumber (cm™)

Supplementary Fig. 6. The association temperature of —CH groups at 2915 cm™!.
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Supplementary Fig. 7. DSC curves of the blue CCTM coating upon increasing

temperature.
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Supplementary Fig. 8. Spectral solar reflectivity and emittance of C-CNF coating. R,

T, A represent reflectivity, transmissivity and absorptivity, respectively.
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Supplementary Fig. 9. Spectral solar reflectivity and emittance of C-CNF/CaCOs;

coating. R, T, A represent reflectivity, transmissivity and absorptivity, respectively.
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Supplementary Fig. 10. The AT as a function of the ambient temperature while the

net radiative cooling power is zero.
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Supplementary Fig. 11. a Estimations of the cooling powers for a CCTM coating
under ideal condition. b The AT as a function of the ambient temperature while the net
radiative cooling power is zero. ¢ Diagram of the calculated Pnet under different
radiation temperatures and ambient temperatures. d Diagram of the calculated Pnet as
a function of AT with different conductive-convective heat transfer coefficients under

the circumstance of the ambient temperature of 30 °C.

14



= White paper
= Commercial white paint
= CCTM

B
(=]
M

e 1 1. A T . n
{'h- ""'\“L N 1.- \—"":-'\-\' b ﬁ.'..;u- o n" |

30 42 hl h:ﬂ""" (18 {;_ w“ T
. .'I\'_ . Br L L N ‘.\ﬂhﬂr\‘lﬂ-:hﬂ

Temperature (°C)

]
(=1
M

13:00 13:10 13:20 13:30
Time (h)

Supplementary Fig. 12. The temperatures of the three samples during the first half
hour of the test on 28, October, 2024.
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Supplementary Fig. 13. The temperatures of the three samples during the hottest time
of the test on 21, November, 2024.
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Supplementary Fig. 14. Photographs of different substrates coating with CCTM in
different colors.
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Supplementary Fig. 15. Simulations of annual cooling energy of different Chinese

cities for ordinary buildings with and without PDRC and CCTM coatings.
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Supplementary Fig. 16. Simulations of annual heating energy of different Chinese
cities for ordinary buildings with and without PDRC and CCTM coatings.
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