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Fig. S1 a) Schematic illustration of the heat transfer processes in a broad emitter and a selective emitter. b) 
MWIR/LWIR spectra of an ideal broad emitter (red dashed line) and an ideal selective emitter (blue solid line), 
along with the corresponding major vibrational transition ranges of representative chemical bonds. 

  



 

 
Fig. S2 a) Chemical structures and b) DFT-calculated FTIR spectra of PVDF, PVDF-HFP, PDMS, PMMA, and 
CYTOP. 

 

  



 

Fig. S3 Chemical structures of various CYTOP models. 
 
Note: Although the main polymer backbone of all CYTOP models consist of C─F and C─O─C chemical bonds, the 

terminal groups vary, which can affect IR emission. As predicted by DFT theoretical calculations, CYTOP CTL-S is 

expected to exhibit higher IR selectivity than other models, including CYTOP CTL-M (used in this work). 

  



 
Fig. S4 IR emission depending on CYTOP thickness. 

 
  



 

Fig. S5 UV-Vis-NIR absorption spectra of CYTOP and PMMA freestanding films. 

  



 

Fig. S6 a) SEM image of Al2O3-PFOTS nanoparticles and b) EDS elemental mapping images of Al (green), O 
(red), F (yellow), and C (purple). 

 

  



 

Fig. S7 FTIR spectra of Al2O3 (black line) and Al2O3-PFOTS (red line). 

  



 

Fig. S8 SEM images of CYTOP/Al2O3 and CYTOP/Al2O3-PFOTS. a) Top view and b) cross-sectional view of 
CYTOP/Al2O3. c) Top view and d) cross-sectional view of CYTOP/Al2O3-PFOTS. 
  



 
Fig. S9 Calculated Mie scattering efficiency of Al2O3 nanoparticles with diameters of 300, 500, 1000 nm in 
CYTOP matrix. 

 

  



 
Fig. S10 a) Effect of the Al2O3-PFOTS nanoparticles mass fraction on the solar reflectance. b) Effect of the 
thickness of the CYTOP/Al2O3-PFOTS on its solar reflectance. c) Optical properties of CYTOP/Al2O3-PFOTS with 
thicknesses of 80 μm and 200 μm on Si substrates. 
  



 

Fig. S11 Solar reflectance and IR emittance in the atmospheric window of reported emitters (black squares) 
compared to CYTOP/Al2O3-PFOTS emitters (blue stars). 

 
Table S1 Thickness, solar reflectance, and IR emittance in the atmospheric window of reported emitters 

compared to CYTOP/Al2O3-PFOTS emitters. 

Materials Thickness (µm) 
Optical properties 

Ref. 

Rsolar (%) ε8−13 μm (%) 

CYTOP/Al2O3-PFOTS 
80 98.2 96.4 

This work 
200 99.0 97.2 

SiO2/PVDF/TEOS 300 97 96 [S1] 

CaCO3/acrylic resin 400 95.5 94 [S2] 

BaSO4/acrylic resin 400 98.1 95 [S3] 

Al2O3/Silk 200 95 90 [S4] 

TiO2/PLA/PTFE 500 92.4 95 [S5] 

h-BN/PDMS 1400 98 90.3 [S6] 

Al2O3/TPU 350 97.6 95.5 [S7] 

BaSO4/SiO2/PVDF 100 95 96 [S8] 

BaSO4/ethyl cellulose 700 98.6 98.1 [S9] 

SiO2/PVDF-HFP 250 97.5 91.1 [S10] 

ZnO/HDPE 227.3 93.9 88.8 [S11] 

PTFE/POM 150 95.4 83.2 [S12] 

Al2O3/SiO2/DPHA 250 94.1 93.5 [S13] 



 

Fig. S12 a) Microstructural visualization of CYTOP/Al2O3-PFOTS. b) Cross-sectional image of CYTOP/Al2O3-
PFOTS and c) binary image of the region of interest (ROI). Three-dimensional analyzed binary images of d) 
CYTOP/bare-Al2O3 (porosity: 47.1%) and e) CYTOP/Al2O3-PFOTS (porosity: 58.8%). 

 

 
Note: In 3D analyzed binary images (Figure S12 d and e), the black areas represent air voids, while the gray 

regions indicate spaces filled with CYTOP/Al2O3(-PFOTS).  



 
Fig. S13 a) Schematic illustration of the domain and boundary conditions for FDTD simulations. b) Cross-
sectional images of the simulation domain for porous CYTOP, bulk CYTOP/Al2O3, and porous CYTOP/Al2O3. 
FDTD simulated reflectance spectra of c) porous CYTOP, d) bulk CYTOP/Al2O3, and e) porous CYTOP/Al2O3 with 
varying thicknesses. 

  



 

 

Fig. S14 Photographs of a) wood and c) mortal substrates coated with various paints: bare wood (top left), 
alkyd paint-coated wood (top right), acrylic paint-coated wood (bottom left), and the CYTOP/Al2O3-PFOTS-
coated wood (bottom right). Corresponding reflectance spectra of b) the wood and d) mortar substrates. 

  



 
Fig. S15 Surface temperature of a) wood and b) mortar substrates coated with various paints under direct 
sunlight. 

  



 

Fig. S16 a) Photograph of CYTOP/Al2O3-PFOTS films on Si substrates: spray-coated (top) and brush-coated 
(bottom). b) Reflectance spectra of CYTOP/Al2O3-PFOTS films using different coating methods. 

 

  



 

 

Fig. S17 External surface temperature of the miniature buildings measured using an IR camera. 

  



 

Fig. S18 Changes in the UV-Vis-NIR spectra of alkyd paint, acrylic paint and the CYTOP/Al2O3-PFOTS films after 
720 hours of UV-A radiation (365 nm) 

  



 

 
Fig. S19 Change of the UV-Vis-NIR spectrum of the CYTOP/Al2O3-PFOTS film after 720 hours of UV-B radiation 
(312 nm) 
 

 



 

Fig. S20 (a) Water contact angle and (b) the soiling agent contact angle of the CYTOP/Al2O3-PFOTS surface. 

  



 

Fig. S21 (a) Anti-fouling properties and (b) adhesivity of the CYTOP/Al2O3-PFOTS paint on wood and mortar 
substrates. 

  



 

Fig. S22 TGA curve of the CYTOP/Al2O3-PFOTS. 
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