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Figure S2 (A) Temperature profile of aqueous modified Cu;S, solution irradiated with 980 nm
laser at 1 W cm™ for 5 min and then cooled naturally after turning off the laser. (B) Heating-
cooling curves recorded for aqueous modified Cu;S,4 solution under 980 nm laser irradiation

according to the “Roper model” to obtain the photothermal conversion efficiency values-36.2%.
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Figure S3 (A)XRD of Cu;S; and aqueous modified Cu;S,. (B) IR spectrum of Cu;S4 and

aqueous modified Cu;S,.



Figure S4 Tindal effect corresponding to different concentrations of Cu;S4 nanoparticles

doping amounts of 0.1 wt% (A), 0.3 wt%(B), 0.4 wt% (C), respectively.
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Figure S5 (A) The unmodified Cu;S4 nanoparticles (0.2 wt%) were slowly deposited on the
bottom of the bottle after being dispersed in the silicone sol for a period of time. (B) The
aqueous modified Cu;S4 nanoparticles (0.2 wt%) dispersed in the organosilicon sol remained

well dispersed in the colloidal state for more than one week after resting.

Figure S6 SEM images of the coating surface corresponding to different hydrolysis times of 1



h (A),2h (B),4h (C), and 5 h (D), respectively.
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Figure S7 Photothermal cycle stability testing of coated glass.

Table S1. Research progress on transparent anti-icing coatings.

Bio-based epoxy resin 107 81% -- 1
POSSPDMAEMA-b-P
105 85% -- 2
SBMA
Titanate nanotubes 117 57% -- 3
Silicone sol 105 77% -- 4
Titania 171 48% -- 5
Silica nanoparticles -- 60% -- 6
Liquid-infused coating 101 82% -- 7
ITO -- 90% Electric heating 8
Cu;S,4 /organo-silicone )
121.8 275% Photothermal = This work

sol

Supplementary note:



Table S1 compares the recent research works on transparent anti-icing coatings in the past
years. Generally, transparent anti-icing coatings are designed by doping hydrophobic
nanoparticles (SiO,, TiO,, etc.) into the transparent coating directly, however, the excessive
doping leads to a decrease in the overall transmittance of the coating. Our designed coating
achieves a better balance between transmittance and hydrophobicity compared with previous
work. At the same time, due to the doping of photothermal conversion nanoparticles, the self-
heating function under light conditions also gives the coating a better anti-/de-icing melting

propertie.

Table S2. Adhesion test results of different samples

1 0% 110°C/1h 5 um 3
2 1% 110°C/1h 5 um 1
3 2% 110°C/1h 5 um 1
4 3% 110°C/1 h S pm 2
5 4% 110°C/1h 5 pm 2
6 5% 110°C/1 h 5 um 3
7 1% 110°C/0.5 h 5 um 3
8 1% 110°C/1.5h 5 um 1
9 1% 110°C /2 h 5 um 1
10 100% 110°C/1 h -- 5
11 1% 110°C/1h 15 pym 2
12 1% 110°C/1h 28 um 4
13 1% 110°C/1 h 34 um 5




Supplementary note:

The adhesion reflects the durability performance of the coating in application. The effect
of different factors on the adhesion of the coating was tested and the results are shown in Table
S2 (The adhesion strength gradually decreases in the order from 0 to 5). Firstly, we compared
the effects of different waterborne PU doping amounts on the adhesion of the coating. When
the doping amount is 0%, the viscosity of the silicone sol is low, though the annealing treatment
can increase the bonding between the coating and the substrate, it cannot ensure the continuous
integrity of the coating, so the adhesion strength of the coating is low. This problem can be
effectively improved by doping with aqueous PU doping, which shows excellent adhesion
between the coating and the glass when the PU doping amount is 1% and 2%, while with the
increase of PU doping, it will affect the bonding between the silicone sol and the glass, which
leads to the decrease of the coating adhesion. In addition, we also tested the adhesion of water-
based PU on the glass surface, the results show that the adhesion rating of PU on the glass
surface is only 5. Secondly, the annealing time also significantly affects the adhesion of the
coating, when the annealing time is lower than 1h, the insufficient bonding between the coating
and the glass substrate also leads to the decrease of the adhesion of the coating, and the adhesion
between the coating and the glass reaches the highest when the annealing time exceeds 1h. The
effect of annealing temperature on coating adhesion is similar to that of annealing time. The
increase in annealing temperature promotes bonding between the coating and the glass, thus
improving adhesion. Finally, different thicknesses of the coating were tested and the results
showed that the adhesion strength of the coating decreased significantly with the increase of
the coating thickness. In general, the best performance of coating adhesion was achieved when
the PU doping amount reached 1%, the coating thickness was 5 um, and the annealing time and

annealing temperature were 1h and 110 °C, respectively.
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Figure S8 CA and SA of the coating with (A) different PU concentration, (B) different Cu;S,

concentration and (C) different thickness, respectively.

Figure S9 SEM of the coating with different PU concentration (A) 0%, (B) 2%, (C) 3%, (D)
4%, respectively.

Figure S10 SEM of the coating with different thickness (A) 15 um, (B) 28 pm, (C) 34 um,

respectively.
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The coating surface without PU doping was prone to flaking after undergoing annealing
due to the surface tension, but too much PU doping tended to form blocks of PU on the coating
surface, which was not conducive to the hydrophobicity of the coating (Fig. S8A, Fig. S9). And
the doping amount of Cu;S4 nanoparticles basically has no effect on the hydrophobicity of the
coating (Fig. S8B). The SEM images (Fig. S10) with different coating thicknesses shows that
the increase of coating thickness leads to the appearance of "fish scale" irregular structure on

the coating surface, which enhanced the hydrophobicity of the coating (Fig. S8C).
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Figure S11 Freezing time of 5 puL droplets under -20 °C with (A) different PU concentration,
(B) different Cu;S4 concentration and (C) different thickness, respectively.

Supplementary note:
The increase of PU concentration and coating thickness leads to shorter and longer

freezing time of droplets, respectively (Fig. S11A, B). While the doping of nanoparticles has

no significant effect on the freezing time of droplets (Fig. S11C).
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Figure S12 Ice adhesion strength of the coating with (A) different PU concentration, (B)

different Cu;S, concentration and (C) different thickness, respectively.



Supplementary note:

The ice adhesion strength increases with the increase of PU doping (Fig. S11A), and the ice
adhesion strength reaches the highest when the nanoparticles reach 0.3% of the doping amount,
and decreases with the continued increase to 0.4% (Fig. S11B). Finally, the increase in the

thickness of the coating significantly reduces the ice adhesion strength on the coating surface

(Fig. S11C).
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Figure S13 De-icing time with (A) different PU concentration, (B) different Cu;S,4

concentration and (C) different thickness, respectively.

Supplementary note:

With the increase of PU doping, the decrease of hydrophobicity slightly weakens the de-
icing efficiency of the coating (Fig. SI3A). And with the increase of the doping amount of
photothermal conversion nanoparticles, the heating rate of the coating as well as the maximum
temperature that can be reached will be significantly enhanced, which will improve the de-icing
effect of the coating (Fig. S13B), and finally the increase of the coating thickness leads to the
decrease of the photothermal conversion effect of the coating, which will reduce the de-icing

rate of the coating (Fig. S13C).
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Figure S14 The side views image sequences showing the deicing process under 1-sun

illumination on the surface of coated glass.

Figure S15 Side views image sequences showing the deicing process under 1-sun illumination

on the surface of blank glass.
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