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1. General methods

All air- and moisture-sensitive solutions and chemicals were handled under an argon
atmosphere. Anhydrous solvents were purchased from Sigma-Aldrich and used without
further purification. Unless otherwise stated, all reagents were commercially available and
used as received without further purification. Chemicals were obtained from Sigma-Aldrich,
Acros, TCI and Alfa-Aesar. Powder X-ray diffraction (XRD) measurements was recorded on
a Bruker D8 ADVANCE X-Ray diffractometer at room temperature using a graphite
monochromator Cu-target tube. UV-Vis-NIR spectra were performed on a Varian Cary UV-
Vis-NIR spectrophotometer. Thermostability of materials were performed on a Mettler Toledo
TGAZ2 thermogravimetric system at N, atmosphere from 30 to 800 °C with a ramp rate of 10
°C/min. Electron paramagnetic resonance (EPR) spectra were recorded on a Bruker A300 ESR
spectrometer. 13C solid-state nuclear magnetic resonance (13C NMR) spectra were recorded on

a Bruker Avance Neo 400WB.

2. Experimental section

2.1 Synthesis of DPNDI

DPNDI was synthesized according to the methods of literature [S1].

2.2 Synthesis of Zn-NDI

Zn-NDI was prepared according to our previously published method [S2]. In a test tube (12 x
1 cm), a mixture solution (0.5 mL) of N-methyl-2-pyrrolidone (NMP) and ethanol
(NMP/EtOH, 1:1, v/v) was carefully layered on an NMP solution (5 mL) of DPNDI ligands
(0.0126 g, 0.03 mmol), and then an EtOH (5 mL) solution of ZnSiF4-6H,0 (0.2 mmol, 0.041g)
was carefully added as a third layer. Light-yellow crystals of Zn-NDI were obtained after
remaining for several days in the dark (69% yield based on DPNDI). The obtained Zn-NDI
was soaked in ethanol solution to stand for 5 days, and then the resulting materials were

filtered, washed with ethanol and dried in vacuo at 80 °C.
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2.3 Synthesis of Zn-NDIDTTF and Zn-NDIDSPy

The synthetic approach for Zn-NDIDTTF and Zn-NDISPy was similar to the procedure
followed for Zn-NDI, with the difference in introducing the corresponding guest molecule (0.3
mmol) into the NMP solution of the DPNDI ligand. For Zn-NDIDTTF, dark-red crystals were
obtained after several days. The yield of is ca. 62% based on DPNDI. For Zn-NDI>Py, red

crystals were obtained after several days. The yield of is ca. 67% based on DPNDI.

3. Photothermal conversion properties measurement

The 100 mg material was pressed into 5S-mm-diameter pellet using a manual tablet press at the
pressure of 3.0 MPa. The obtained pellet was under continuous irradiation of an 808 nm laser
until the sample reached a steady-state temperature. The temperature was monitored every 1 s
by a Fluke (Ti400) thermal imaging camera. The 808 nm laser beam was irradiated at a power

density from 0.1 to 0.9 W-cm 2.

4. DFT Computational details

All of the calculations were investigated with the Gaussian 16 software package (Gaussian 16,
Revision C. 01; Gaussian, Inc., Wallingford CT, 2019). Structural optimizations and electronic
properties were performed using the B3LYP functional with 6-31G(d, p) basis set (empirical
dispersion correction GD3(BJ)). The structure is fully optimized, and a frequency calculation
is performed to ensure that the optimized geometry corresponds to a true minimum (no
imaginary frequencies). The single-point energy calculations are also carried out at the same
level of theory. The charge distribution is analyzed based on the population analysis method,
and the electrostatic potential is calculated and visualized to examine the distribution of the
charge in the molecular system. The convergence criterion for the geometry optimization is
set to 10 a.u. for the energy change, and the maximum force is set to 0.00045 a.u. to ensure

accurate results.
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5. Calculation of photothermal conversion efficiency

The conversion efficiency was determined according to previous method. Details are as
follows:

N = hSAT o /1(1 — 10 4)
where I is the laser power and A is the absorbance of the samples at the wavelength of 808
nm. In order to obtain the A4S, a dimensionless driving force temperature, 0 is introduced as
follows:
0 =(T —Tsurr) / (Tmax — Tsurr)
Tmax 18 the maximum system temperature, and 7y, is the initial temperature
t=—1slnf

ts could be calculated from the slope of cooling time vs In 6.

6. The efficiency (1) of solar energy conversion

Photothermal-assisted water evaporation was calculated as the following formula

u=mhy /Copt P,

Where: m = mass evaporation rate

hpy = the total enthalpy of liquid-gas phase change, including sensible heat and vaporization
enthalpy (4, =Q + Avap)

Q = the energy required to heat the system from the initial temperature T, to the final
temperature T

Avap = latent heat of vaporization of water

Copt=optical concentration

P, = nominal solar radiation value, typically 1 kW m,
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7. Water evaporation performance under one simulated 1 sun light irradiation

For photothermal water evaporation performance testing, host—guest material powders (50
mg) are put on polyvinylidene fluoride (PVDF) membrane (® = 30 mm) tightly. Deionized
water or brine (3.5% NaCl solution) was placed in a cylindrical beaker with a mouth diameter
of 3.0 cm, and the membrane with the host—guest material powders was put and self-floated
on the top of water. The sun solar light irradiation (1000 W/m?) was illuminated from the top
and onto the surface of the host—guest material powders vertically. the temperature of the
host—guest material powders was recorded by IR camera and the mass of the water evaporated

was real time monitored by a digital balance.

8. Calculation of the water evaporation efficiency under simulated 1 sun light irradiation.

The water evaporation rate was calculated by the following equation:

dm
S xdt

v =

Where m is the mass of evaporated water, S is the illuminated area, t is time, and v is
evaporation rate.

In the end, light to water evaporation efficiency was calculated based on following equation:

dm X h,

Q.= o =v X h,

QO
@

evaporation efficiency = Qs
Where Q. is energy consumed for water evaporation, Qg is the incident simulated solar light
power, m is the mass of evaporated water recorded by the balance, and H, is the enthalpy of

vaporization of water.
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Fig. S1. TGA curves of Zn-NDI, Zn-NDI>Py, and Zn-NDISTTF.

Table S1. Weight loss and Calculated formula of Zn-NDISPy and Zn-NDISTTF.

Sample Weight loss in the 125-250 °C Calculated formula
Zn-NDI>Py 20.4% Zn(DPNDI),SiFs-1.33Py
Zn-NDIDTTF 23.5% ZnSiF¢(DPNDI),-1.57TTF
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Fig. S2. Solid-state 3C NMR spectra of Zn-NDI, Zn-NDI>Py, and Zn-NDISTTF.
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Fig. S3. VT-ESR spectra of Zn-NDI>Py.
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Fig. S4. VT-ESR spectra of Zn-NDIDTTF.
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Fig. S5. The cooling curve of Zn-NDI film after irradiation with 808 nm laser (0.7 W-cm™2).
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Fig. S6. The cooling curve of Zn-NDIDPy film after irradiation with 808 nm laser (0.7
W-cm2).
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Fig. S7. The cooling curve of Zn-NDIDTTF film after irradiation with 808 nm laser (0.7

W-cm?).
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Fig. S8 The time-In0 linear curve of Zn-NDI.
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Fig. S9 The time-In0 linear curve of Zn-NDI>Py.
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Fig. S10 The time-In® linear curve of Zn-NDIDTTF.
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Fig. S11. Plot of average temperature rise (AT) against power density of 808 nm laser.
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Fig. S12. PXRD patterns of Zn-NDIDPy and Zn-NDIDTTF after five cycles of photothermal

conversion.
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Fig. S13. Solid-state '3C NMR spectra of Zn-NDIDPy and Zn-NDIDTTF after five cycles of

photothermal conversion.
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Fig. S14. UV-Vis-NIR spectra of Zn-NDI, Zn-NDIDTTF, Zn-NDI>Py, and referenced

standard solar spectral irradiance.
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Fig. S15. IR thermal images of the surface temperature of Zn-NDIDTTF and Zn-NDI>Py
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during the water evaporation experiments.
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Fig. S16. Cycling water evaporation experiments under simulated 1 sun light irradiation.
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Fig. S17. The contact angles of PVDF, Zn-NDI, Zn-NDISTTF, and Zn-NDIDPy with water

at room temperature.
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Fig. S18. Simple schematic diagram of water evaporation device.
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Fig. S19. Diagram of the solar-driven water evaporation measurement.
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Fig. S20. Raw mass-loss curve of water evaporation using Zn-NDI as photothermal conversion

material under simulated 1 sun light irradiation (the diameter of the material is 3 cm).
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Fig. S21. Raw mass-loss curve of water evaporation using Zn-NDIDPy as photothermal
conversion material under simulated 1 sun light irradiation (the diameter of the material is 3

cm).
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Fig. S22. Raw mass-loss curve of water evaporation using Zn-NDIDTTF as photothermal
conversion material under simulated 1 sun light irradiation (the diameter of the material is 3

cm).
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Fig. S23. Simulated solar irradiance data for photothermal water evaporation experiments.
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Table S2. The NIR photothermal properties in this work compared with previous results of

solid materials in the literatures

Samples Added Power NIR laser Pretreatment Ref.
temperature (W-cm?) source
Co-MOF 176 0.7 808 nm None [S3]
Rb-NDI 83 1.6 808 nm Blue light irradiation [S4]
HPTS 75 0.8 808 nm Blue light irradiation [S5]
La-bcbp 120 2 808 nm UV-vis irradiation [S6]
Zr-PDI'~ 141 1 808 nm TEA vapor fumigation blue  [S7]
light irradiation
PMDI-TTF co- 70 0.7 808 nm None [S8]
crystal
DTC- co-crystal 45 0.7 808 nm None [S9]
CR-TPE-T 103 1.2 808 nm None [S10]
Ag-CP 25 0.5 808 nm None [S11]
EuMo-NDI 81.7 1.0 808 nm UV-vis irradiation [S12]
RhB@Cd-pbc 78 0.9 808 nm None [S13]
CuysS3 cage 90.3 1 808 nm None [S14]
Au@MOF 55.1/73.5 0.8/1.8 808/1064 nm  Au Nanostar@MOF [S15]
Cu-THQNPs 22.1/45 1.0/2.0 808/1064 nm  PEG-(NH,), [S16]
TTFDPNI- 254 0.7 808 nm None [S17]
CdMOF
TTFDPNI- 230 0.7 808 nm None [S17]
CoMOF
MOF 1 129/137 0.5 808/1064 nm  None [S18]
TTF@MOFL7 38.6 1.19 808 nm None [S19]
CP-TCNQ 58.1 0.91 808 nm None [S20]
D289-F4ATCNQ 60.1 0.69 808 nm None [S21]
Zn-NDIOSTTF 118.2 0.7 808 nm None This work
Zn-NDIoPy 70.4 0.7 808 nm None This work
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Table S3. Performance metrics of reported materials for solar-driving water evaporation.

Samples Water evaporation rate (kg m2 h1) Solar-to-vapor efficiency Ref.
CoTCPP-Bi 1.43 98.5 S22
EuTTA-350 1.44 97.9 S23
PDANWSs-NF 1.39 87.8 S24
OR-R-CF 1.36 85.3 S25
MNM@PVDF/SA 1.34 90.6 S26
Cu-CAT-1 1.50 97.6 S27
TPA-TPA-O6 1.29 89.4 S28
Ni3S2@NF 1.53 84.5 S29
HKUST- 1.38 90.3 S30
1/SWCNT
TTFDPNI-Cd- 1.78 96.8 S31
MOF
Tri-PMDI@TTF 1.77 46.2 S32
Zn-NDIDTTF 1.75 91.3 This
work
Zn-NDIoPy 1.23 82.6 This
work
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