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1. Materials
2-(N-3-Sulfopropyl-N,N-dimethyl ammonium)ethyl methacrylate (DMAPS), N-hydroxyethyl
acrylamide (HEAA), polyanionic cellulose (PAC), a-ketoglutaric acid (a-T), poly(ethylene
glycol) diacrylate (PEGDA), N,N'-methylenebisacrylamide (MBA) and lithium chloride (LiCl)
were purchased from Sinopharm Chemical Reagent Co., Ltd. Electron-donor PBDB-TF-T10
was synthesized according to our previous report.l'! Non-fullerene electron-acceptor BTP-eC9

and fullerene electron-acceptor PC71BM were purchased from Solarmer Energy, Inc.

2. Material characterization

'"H NMR spectra were recorded using an Agilent 600 MHz NMR spectrometer (Agilent
Technologies). X-ray diffraction (XRD) analysis was carried out on a Rigaku Miniflex 600
diffractometer. Storage modulus (G’) and loss modulus (G"”) were measured by rotational
rheometer (MCR302, Anton Paar). The tensile, compression tests were performed using a
universal mechanical testing system equipped digital force gauges (M5-100, Mark-10, accuracy:
0.02 N) and a force test stand (ESM 303, Mark-10). The UV—Vis—NIR absorption spectra were
recorded with LAMBDA 1050+ spectrometer equipped with an integrating sphere. Water vapor
sorption of all samples was evaluated in an artificial climate chamber (RGC-160D, Youke). The
morphologies and elemental mapping were characterized by a scanning electron microscope
(VEGA3, TESCAN) in combination with energy dispersive X-ray spectrometry. J — V' curves
of solar cells were recorded in backward scan direction by using a Keithley 2400 source meter
under a solar simulator (Oriel Sol3A, 69920, Newport). The light intensity was calibrated by
using a Si-based power meter (PT-SI-SRC, Pharos). For the EQE measurements, the
photocurrent was measured by using a Keithley 485 picoammeter under monochromatic light
(MS257) illumination across the PSCs. The current was recorded as the voltage over a 50 Q
resistance and converted to a EQE profile by comparing the data with a calibrated Si reference

cell.
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3. Chemical structure characterization
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Figure S1. Synthetic route of P(DMAPS-co-HEAA).
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Figure S2. "H NMR spectrum of P(DMAPS-co-HEAA).
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4. Cyclic compression test of M2

Table S1. Summary of material components in a series of M2s.

H1 50 354 14.6 1:1 10 40
H2 60 42.6 17.4 1:1 10 30
H3 65 46.0 19.0 1:1 5 25
H4 65 46.0 19.0 1:1 8 25
H5 65 65.0 0 1:0 10 25
H6 65 53.8 11.2 2:1 10 25
H7 65 46.0 19.0 1:1 10 25
HS8 65 35.6 294 1:2 10 25
H9 65 0 65.0 0:1 10 25
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Figure S3. Cyclic compression testing of M2 (H1 and H2) with different P(DMAPS-co-HEAA)

contents.
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Figure S4. Cyclic compression testing of M2 (H3 and H4) with different LiCl contents.
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Figure SS. Cyclic compression testing of M2 (H5 — H9) with varying DMAPS and HEAA

molar ratios.
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5. Tensile testing of hydrogels
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Figure S6. Tensile stress—strain curves of M1, M2 and M3.

6. Water vapor sorption of M2
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Figure S7. Water vapor sorption of M2 with (a) different LiCl contents and (b) varying DMAPS
and HEA A molar ratios under 90% RH and at 25 °C.

7. Chemical structure of PAC
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Figure S8. Chemical structure of PAC.
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8. Water vapor sorption of M1
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Figure S9. Water vapor sorption of M1 with different LiCl contents under 90% RH and at 25 °C.
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9. Schematic illustration of interfacial interactions
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Figure S10. Schematic illustration of interfacial interactions within a M2/glass interface.
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10. Adhesion characterization on PET and EVA
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Figure S11. Adhesion strengths of M1 and M2 on the PET and EVA substrates.

11. Transmittance spectra of M1 and M2
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Figure S12. Transmittance spectra of M1 and M2 with different thickness (1 — 3 mm).

Transmission spectra of hydrogels across the range of 300 to 1100 nm were measured using an

UV-Vis—NIR spectrophotometer. Effective transmittance ( 7}, ,,, ) of hydrogels can be

expressed using equation S1,

1100
9(A)T(1)d(4)
T iw = = 1100 (S1)

p(2)d(2)

300
where the T(A\) denotes the recorded transmittance at a particular wavelength, and ¢@() is the

solar irradiance spectrum for AM 1.5.
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12. Water vapor sorption of M3 with different thickness
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Figure S13. Water vapor sorption of M3 with different thickness (1 —3 mm) under 90% RH

and at 25 °C.

13. Calculation of vapor pressure of LiCl solutions and humid air
The vapor pressure of LiCl solution, denoted as Psoi(& T), can be expressed through its

functional dependence on both Pu,o(T) (the saturation pressure of pure water) and the mass

fraction of LiCl (§). This relationship has been quantitatively established in previous studies!>

31 where the solution's vapor pressure is correlated with these parameters through the following

equations,
P, (&T) _
m =755/ (§,0) (S2)
f(£,0)= A+ B0 (S3)
A=2- 14{5] (S4)
7[0
B{H(EJ ] -1 (S5)
T3
T
0= T;’HZO (S6)
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£ = | (£-0)’
Ty = 1- 1+[7T—J — € 0.0005 (S7)
6

where the parameters of mo — 79 are given in Table S2.

Table S2. Parameters for the vapor pressure equation.

T, T, , T, T, Ty T T, T T,

0.28 4.30 0.60 0.21 5.10 0.49 0362 475 04 0.03

Based on Equation S1-S6, the vapor pressure curves of 10, 20 and 30 wt% LiCl solutions at
various temperatures are plotted in Figure 3a.
Water vapor saturation pressure (Psat.) is temperature-dependent and can be described using the

empirical August-Roche-Magnus (AERK) formulation, expressed by equation S8,114!

P

sat.

(S8)

(T) = 61094 exp| 02T
243.04+ T

The vapor pressure (Pvapor) in air with varying humidity levels can be calculated using the

definition of relative humidity (@), as expressed in Equation S9,“!

@ = I)vapor (S9)
P (T)

The Pyapor curves for different temperatures at 30%, 60%, and 90% RH, and Psa. in humid air

were derived from equations S8—S9 and are plotted in Figure 3a.
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14. Water contact angle measurements
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Figure S14. Water contact angle measurements on the surfaces of M1 and M2.

M2

15. Water diffusion mechanisms
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Figure S15. Water uptake of (a) M1 and (b) M2 in LiCl solutions of varying concentrations for

a specific time period.
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Figure S16. Linear fitting of M, /M. as a function of t'> based on the date from M1 and M2

swelling in different LiCl solutions.
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Figure S17. Water absorption fluxes of M1 and M2 in different LiCl solutions.
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16. Surface temperature characterization
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Figure S18. Temperature variations of the ambient environment, PMMA-sheltered M3 and

M3-covered solar cell over night.

The effective humidity (@) near the M3 interface and the ambient RH (@) can be expressed as

equations S10—-S11,

er _ Pvapor (S 1 O)
f:at (TM3 )

O=—rr _ (S11)
])sat. (TAmb )

where Tms and Tamp denote the surface temperature of the M3 and ambient temperature,
respectively, and Pyqpor represents the ambient vapor pressure. The radiative cooling effect
induces a substantial temperature reduction at the M3 surface (7Tamb > 7Tms). Given the
exponential temperature dependence of saturated vapor pressure described by the Equation S7,
this thermal contrast may create a localized saturation condition (Psat.(7Tamb) > Psat(Twm3)),

resulting in an elevated effective RH near M3 compared to the ambient environment (@' >®).
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Figure S19. (a) The saturated vapor pressure of water at various temperatures under 1 standard

atmosphere, and (b) illustration of the enhanced Pvapor difference generated by radiative cooling
effect.

17. Water desorption characterization
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Figure S20. Weight changes of M3 during desorption under different RHs.
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18. EDS images

Before cycles
M1 :
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Figure S21. EDS images of M3 before and after sorption—desorption cycles.
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19. IR images of solar cells
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Figure S22. IR images of solar panels with and without M3 under 0.8 and 1.0 sun over time.

20. Photovoltaic parameters of solar cells without and with M3
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Figure S23. J-V curves of solar cells without and with M3 under 1 sun over 12 h.
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Table S3. Photovoltaic parameters of a conventional solar cell under 1 sun.

Time (h) Voe (V) Jse (MA cm™?) FF PCE (%)
0 2.607 8.5 0.83 18.39
0.5 2.615 8.1 0.78 16.52
1 2.612 8.1 0.77 16.29
1.5 2.601 8.1 0.77 16.22
2 2.607 8.1 0.76 16.05
2.5 2.593 8.1 0.78 16.38
3 2.596 8.1 0.77 16.19
35 2.597 8.1 0.77 16.20
4 2.574 8.1 0.78 16.26
4.5 2.596 8.1 0.77 16.19
5 2.594 8.1 0.77 16.18
55 2.588 8.1 0.77 16.14
6 2.583 8.1 0.77 16.11
6.5 2.588 8.1 0.77 16.14
7 2.588 7.9 0.79 16.15
7.5 2.587 8.1 0.77 16.12
8 2.586 8.1 0.78 16.34
8.5 2.585 8.1 0.78 16.33
9 2.575 8.1 0.78 16.27
9.5 2.581 8.1 0.77 16.10
10 2.581 8.0 0.79 16.31
10.5 2.575 8.1 0.78 16.27
11 2.586 8.1 0.77 16.13
11.5 2.583 8.1 0.78 16.32
12 2.574 8.1 0.78 16.26
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Table S4. Photovoltaic parameters of the M3-covered solar cell under 1 sun.

Time (h) Voe (V) Jse (MA cm™?) FF PCE (%)
0 2.629 8.7 0.80 18.30
0.5 2.608 8.6 0.81 18.17
1 2.605 8.4 0.82 17.94
1.5 2.603 8.5 0.81 17.92
2 2.606 8.6 0.78 17.48
2.5 2.597 8.6 0.78 17.42
3 2.609 8.6 0.77 17.28
35 2.599 8.6 0.77 17.21
4 2.603 8.6 0.77 17.24
4.5 2.606 8.7 0.76 17.23
5 2.603 8.7 0.77 17.44
55 2.596 8.7 0.77 17.39
6 2.600 8.7 0.76 17.19
6.5 2.606 8.7 0.76 17.23
7 2.608 8.7 0.75 17.02
7.5 2.611 8.7 0.75 17.04
8 2.601 8.7 0.75 16.97
8.5 2.604 8.7 0.75 16.99
9 2.609 8.6 0.76 17.05
9.5 2.606 8.6 0.75 16.81
10.5 2.509 8.7 0.77 16.81
11 2.413 8.6 0.81 16.81
12 2.407 8.6 0.81 16.77
48 2.377 8.7 0.80 16.55
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21. Pmax changes of solar cells

3201 3 o winws
< 3104
<

é 300-

max

Q. 290+
280- f W‘V’qf ?

0 2 4 6 8 10 12
Time (h)

Figure S24. Puax variations of solar cells with and without M3 under 1 sun over time.

22. Summary of cooling performance of hygroscopic hydrogels

Table S5. Summary of cooling power and cooling capacities of hygroscopic hydrogels used for

solar cells.

Time Cooling power Cooling capficity Ref

(h) (Wm™) (kW hm™?)
6 151.99 0.91 [5]
3 294.90 0.88 [6]
2 529.00 1.06 [7]
3 298.00 0.89 [8]
1 108.89 0.11 [9]
6 133.84 0.80 [10]
3 121.50 0.36 [11]

2.5 315.00 0.79 [12]
3 288.20 0.86 [13]
1 463.79 0.46

3 395.14 0.97

6 323.82 1.21 This work
9 144.15 1.30

12 112.24 1.35
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23. Summary of main parameters of different cooling methods

Table S6. Summary of cooling method, transmittance, emittance, water uptake, solar

temperature reduction and solar efficiency enhancement of passive cooling materials used for

solar cells reported so far.

Cooitg 1 aritanee TR i AT ol e
(%) (2gh) (%)

Yes, ~90% / 0 8.8 / [14]

Radiative  Yes, 91% 98% 0 85 091,87%  [15]

cooling Yes, 97% 98% 0 /o 0.62,32%  [16]

Yes, 94% 96% 0 /0 055,31%  [17]

Yes, / 0 / 170 1.00, 6.9% 5]

No 0 1.60 100  0.80, 6.8% 6]

No 0 175 260 / [7]

Evaporative No 0 760 5.0 0.50,5% 8]

cooling Yes, / 0 / 8.0  0.35,4.0% [9]

Yes, / 0 0.78 75 / [10]

No 0 120 58 / [12]

No 0 244 99  074,59%  [13]

Hybrid Yes, 96% 95% 0 9.1 /,4.8% [18]
cooling Yes, 90% 98% 0.83 77 1.7,104% This work
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24. Characterization of M3-covered solar cells under continuous irradiation
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Figure S25. (a) Mass change of M3 under 1 sun over 48 h. (b) J=V curves of solar cells without
and with M3 under 1 sun after 48 h.

Figure S26. Image sequence of M3 under 1 sun over 48 h.
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Figure S27. Changes of water weight, water contents and average transmittance of M3 over

time under 1 sun.
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25. Maximized PCE differences under real sky
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Figure S28. J—V curves of solar cells when maximized APCE = 2.9% was achieved under real

sky.

26. LiCl leakage characterization

Surface view Side view

B

Figure S29. Sequential images of an M3-covered solar cell placed under outdoor conditions

for 15 days.
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27. Outdoor exposure characterization

Day 7 Day 10

Figure S30. Image sequence of M3-covered c¢-Si solar cell during 15 days of outdoor

exposure.

28. Cleanable surface property

Soiled After cleaning

c-Si solar cell M3-covered c-Si solar cell

Figure S31. Digital photographs of conventional and M3-covered c-Si solar cells before and

after manual cleaning.

S25



29. Absorption coefficients of materials
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Figure S32. Absorption coefficients of PBDB-TF-T10, BTP-Ec9 and PC71BM.

30. Photovoltaic parameters of flexible PSCs over illumination

Table S7. Summary of photovoltaic parameters of flexible PSCs before and after continuous

illumination
illumination Jsc 0 Normalized
duration Voo (V) (mA cm?) k¥ PCE (%) PCE
Without M3 0 min 0.601 222 0.49 6.54 1.00
Without M3 20 min 0.577 22.8 0.47 6.18 0.94
With M3 0 min 0.631 21.5 0.49 6.65 1.00
With M3 20 min 0.615 21.2 0.50 6.52 0.98
e 5 ! e 5 '
© 0,(@).-1! _______________________________ o OA_(p.)._; _______________________________
< i < i
£5 £
2-101 | 2-10{ |
e -15 ! 2.5 |
() H () i
T 201 | T 20 .
S -25- : Without M3, 0 min @ 251 i With M3, 0 min
= i Without M3, 20 min E ! With M3, 20 min
=] '30 ! T T T = ‘30 ; T T v’
O -02 00 02 04 06 08 O -02 00 02 04 06 08

Voltage (V) Voltage (V)
Figure S33. J-V curves of flexible PSCs (a) without and (b) with M3 before and after

continuous illumination.
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31. Photovoltaic parameters of flexible PSCs over bending
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Figure S34. J-V curves of flexible PSCs without and with M3 in bending cycles.

Table S8. Summary of photovoltaic parameters of flexible PSCs in bending cycles

(I}“;;Egg Voo (V) Jso(mA cm ) FF PCE (%) NO‘i‘fggzed

0 0.615 22.5 0.49 6.77 1.00
1000 0.615 21.9 0.50 6.74 1.00
2000 0.615 21.7 0.50 6.67 0.99
3000 0.608 222 0.49 6.62 0.98
5000 0.609 22.5 0.48 6.57 0.97
7000 0.608 22.5 0.48 6.56 0.97
9000 0.601 21.5 0.50 6.46 0.95

Table S9. Summary of photovoltaic parameters of flexible PSCs with M3 in bending cycles

(ﬂfgﬁgg Voe (V) Jse(mA cm ™) FF PCE (%) Norlﬁné‘gzed

0 0.623 20.9 0.50 6.52 1.00
1000 0.623 20.8 0.50 6.49 1.00
2000 0.619 20.5 0.50 6.36 0.98
3000 0.619 20.8 0.49 6.32 0.97
5000 0.615 20.7 0.49 6.24 0.96
7000 0.618 21.0 0.48 6.22 0.95
9000 0.615 21.0 0.48 6.21 0.95
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32. Surface temperature changes over bending

‘ 37°C
28.4
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Figure S35. Surface temperature variations of flexible PSCs during bending cycles.
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