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S1 FTIR and XPS Characterizations

FTIR was utilized to analyze surface modification and characterize the molecular composition
of FCNF. Figure S5a shows the infrared spectra of FCNF and CNF at 3800-600 cm™. The
FCNF retains the characteristic absorption peak of CNF, and the broad absorption peak at 3395
cm is attributed to the O-H stretching vibration in the molecular composition of CNF. The
peak at 2874 and 1581 cm™ are attributed to the C-H stretching vibration of CH2 and the bending
vibration of H-OH. The absorption peak at 1013 cm™ is ascribed to C-O stretching vibration of
the alcohol hydroxyl group of CNF [S1]. As shown in Fig. S5b, new absorption peaks appear
in the infrared spectra at 1400-800 cm™, the peaks at 1255 and 1196 cm™ are attributed to the
characteristic stretching vibration of -CF, and -CFs, respectively. In addition, the peaks at 1005
cm™ and 890 cm™ are attributed to Si-O-Si and Si-O-C [S2], respectively. XPS was used for
qualitative and semi-quantitative analysis of FCNF and CNF. The peaks at 533.1 and 288.4 eV
shown in Fig. S6a correspond to the oxygen and carbon in the CNF before modification. Three
new peaks located at 689.5, 154.2, and 103 eV in the spectrum of F-CNF are attributed to Fis,
Sizs and Sizp [S3, S4]. As shown in Fig. S6b, a new peak appears at 290 eV in the FCNF
spectrum and is attributed to the C-F bond in the PFOTES chain, indicating that PFOTES is
grafted onto the surface of CNF. The restricted spectrum of Cis was compared to the binding
energy, which further confirmed the surface modification of CNF. Figure Séc, d shows the Cgs
narrow scan spectra of CNF and FCNF, respectively. The peaks at 282.9, 284.6, and 286.1 eV
are assigned to C1: C-C/C-H, C2: C-O and C3: O-C-O (three types of carbon bonds) [S5]. CNF
ismainly a C-O bond (C2 type), while the new peaks of FCNF at 291.9 and 294.0 eV correspond
to -CF. and -CFs, respectively. This further confirms that PFOTES have been successfully
grafted onto the surface of CNF.

S2 Calculation of Porosity

Porosity (P) of the CNFA is calculated by Eqg. (S1):
P=(1- %) +100% (S1)

where P is the porosity, p, is the apparent density of CNFA, and p is the volume density of
polymer that is estimated from the average density of neat CNF of 1.6 g cm™.
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S3 Calculation of Tsolar, Tium, and Tir

The Tsotar (300-2500 nm), Tium (380-780 nm) , and Tir (780-2500 nm) of the DAF are calculated
by Eq. (S2):

(AT(A)dA
Tsotar» Trum Tir = %W (82)

T(A) denotes the recorded transmittance at a particular wavelength. For Tsolarir, Y1) is the
solar irradiance spectrum for AM 1.5. For Tum, y(4) is the CIE “physiologically relevant”
luminous efficiency function.

S4 Calculation of Radiative Cooling Power

Radiative cooling performance is influenced by solar irradiance and atmospheric downward
thermal radiation. Meanwhile, heat can be transferred from the ambient surrounding to the
radiative cooling sample through the thermal conduction and convection due to the temperature
differences between the cooling sample and the ambient environment. The device meets the
constraints of the power balance equation and the net cooling power (P,,,;(T)) is calculated by
Eq. (S3) [6]:

Pcool(T) = Prad (T) - Patm (Tamb) - Psolar - Pnond+conv (83)

T is the surface temperature of cooling sample and T,,,,; is the ambient temperature. P,.,4(T)
is the power radiated by the DAF, and P, (Temp) IS the absorbed atmospheric thermal
radiation at Tgmp - Psoiar 1S the incident solar irradiation absorbed by the DAF, and
Pronrad+cony 1S the power lost due to thermal convection and conduction. The net cooling
power defined in Eq. (S3) could reach a high value by increasing the radiative power of DAF
and reducing either the solar absorption or the parasitic heat gain [S7]. These parameters are
calculated by the following Equations [S8, S9]:

Praa(T) = A [ dQcos 6 [° dAlgs (T, De(A,6) (S4)
Patm(Tamp) = A [ dQcos 8 [ dAlgg (Tamp, D)8, Degem (2, 0) (S5)
Pootar = A fy d2£(A, O501ar) Lanar 5(2) (S6)
Prona+conv (T Tamp) = Aﬁc(Tamb —-T) (S7)
where A is the surface area of radiative cooler. The [d Q = 2n fon/z dBsind is the angular
2hc?

integral over a hemisphere. The Ig(1,T) = TSohe/AT S is the spectral radiance of a blackbody

at the temperature (T). h is the Planck’s constant, c is the speed of light in a vacuum and k is
the Boltzmann constant. The (4, 6 ) is the directional emissivity of the surface at wavelength
A. The g4t (4,0 ) = 1 — t(1)1/¢°™ is the angle-dependent emissivity of the atmosphere, and
T(A) Is the atmospheric transmittance in the zenith direction. The P,,4(T) and P, (Tamp) are
determined by both spectral data of the DAF and the emissivity spectra of the atmosphere
according to MODTRAN of the Mid-Latitude Summer Atmosphere Model. The solar
illumination is represented by the AM1.5 spectrum (1,51 5(4)) in Eq. (S6) [S10]. In Eq. (S7),
he = heona + heonw 1S @ cOmbined nonradiative heat coefficient that captures the collective
effect of conductive and convective heating, which is limited to a range between 0 and 12 W
m2 K,

The average solar reflectance ( psoyar) is defined as:
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2.5
— Jos pm Isolar ) * psolar(4,0)d2

Psolar = 25
f0.3 :::11 Isolar(M)da

(S8)

where A is the wavelength of incident light in the range of 0.3-2.5 um, I, (1) is the
normalized ASTM G173 Global solar intensity spectrum, and pg,1ar-(4, @) is angular spectral
reflectance of the surface. The average emittance ( e wir) in the LWIR atmospheric
transmittance window is defined as:

— [y AP g (L D *eLwir (A,6)dA

P __ “8um
LWIR f13 nm Iy (A T)dA

8 um

(S9)

where Igg (A, T) is the spectral intensity emitted by a blackbody and &;yr (4, 8) is the
surface’s angular spectral thermal emittance in the range of 8-13 um.

S5 Supplementary Figures

Fig. S1 SEM image of the freeze-dried FFCNF hydrogel sample taken halfway during the
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Fig. S2 Rheological property of the FFCNF hydrogel
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Fig. S3 Photographs of the FFCNF hydrogel before and after solvent exchange
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Fig. S4 Photograph of the DAF sample being cut into various shapes
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Fig. S5 FTIR spectra of the CNF and FCNF samples in the ranges of (a) 3800 to 600 cm*, and

(b) 1400 to 800 cm*
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Fig. S6 (a) XPS survey spectra and (b) enlarged C 1s spectra of the CNF and FCNF. High-
resolution C 1s spectra of (¢) CNF and (d) FCNF
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Fig. S7 Cross-section SEM image of the CF sample. Insert is the enlarged SEM image
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Fig. S8 Pore size distributions of the DAFo5, DAF10 and DAFs
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Fig. S9 Specific surface areas and pore volumes of the DAFos, DAF10 and DAF15
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Fig. S10 Typical strain-stress curve of the CF

450

Tensile stress (MPa)

CF

CAF

DAF

Fig. S11 Tensile stress and Young’s modulus of the CF, CAF and DAF
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Fig. S12 Small-angle X-ray scattering patterns of the CAF and DAF
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Fig. S13 UV-vis-NIR spectra of the DAF with the various thicknesses of 50, 100, 150, and 200
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Fig. S14 Emissivity spectrum of the filtrated CNF aerogel film
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Fig. S15 Contact angles of the filtrated CNF aerogel film with the various wetting time
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