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Fig. S1. 2D plane strain finite element analyses using ABAQUS to illustrate the MACI mechanism, (a)
ice adhesion test on a homogenous film; and (b) ice adhesion test on the proposed film with sub-
structures. The black arrows resemble the applied forces. In (a) stress concentration at the corners of
the ice cube can be expected, which could possibly initiate cracks. In contrast, the film with sub-
structures introduced in this study shown in (b), will generate macroscopic cracks along the complete

length of the interface. Here the MACI mechanism is obvious as indicated by macro-sized cracks.
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Fig. S2. Schematic overview of (a) SPDMS, (b) hPDMS, (c) pPDMS and (d) hpPDMS. The layer
thickness h of (a) SPDMS and (b) hPDMS alters from 30, 36, 67 to 115 pm. The diameter D of internal

holes for (b) hPDMS alters from 10 pm, 100 pm, 1 mm to 2 mm.
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Fig. S3. Ice adhesion strength of PDMS thin films at -18 °C against displacement. (a) As-prepared; (b)
CF4/O; etched; and (c) silanized. The single layer thickness is 30 um, the diameter of internal holes and
outer pillars is 10 um, the curing temperature is 65 °C, and the weight ratio is 10:1. To realize the design
of PDMS with sub-structures as suggested by finite element analysis (Fig. S1), a 67 um thick thin film
of PDMS was coated on glass before preparing targeted PDMS thin films.
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Fig. S4. Ice adhesion strength of PDMS thin films at -18 °C against displacement. (a) hPDMS with one
layer; (b) hPDMS with one layer and silanization; (c) hPDMS with two layers; and (d) hPDMS with
two layers and silanization. The single layer thickness is 30 um, the curing temperature is 65 °C, and
the weight ratio is 10:1. To realize the design of PDMS with sub-structures as suggested by finite
element analysis (Fig. S1), a 67 um thick thin film of PDMS was coated on glass before preparing
targeted PDMS thin films.
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Fig. S5. Ice adhesion strength of PDMS thin films at -18 °C against displacement. (a) SPDMS; (b)
hPDMS (one layer); and (c) hPDMS (two layers). The diameter of internal holes is 1 mm, the curing
temperature is 65 °C, and the weight ratio is 10:1. To realize the design of PDMS with sub-structures

as suggested by finite element analysis (Fig. S1), a 67 um thick thin film of PDMS was coated on glass
before preparing targeted PDMS thin films.
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Fig. S6. Ice adhesion strength of PDMS thin films at -18 °C against displacement. (a) hPDMS (three
layers); and (b) hPDMS (three layers, silanization). Three layers with internal holes (bottom-up): 1/1/1,
0.01/0.1/1, 0.1/1/2 in millimeter and random. The single layer thickness is 30 um, the diameter of
internal holes is 1 mm, the curing temperature is 65 °C, and the weight ratio is 10:1. As for the random
sample, the PDMS agents mixed with NHsHCO3 powder was coated on glass substrate, cured in a
chamber, and then coated with another 30 um thick PDMS thin film to make surface smooth. The total
thickness of random PDMS sample is the same with other three-layer PDMS thin films. To realize the
design of PDMS with sub-structures as suggested by finite element analysis (Fig. S1), a 67 um thick
thin film of PDMS was coated on glass before preparing targeted PDMS thin films.
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Fig. S7. Ice adhesion strength of PDMS thin films at -18 °C against displacement. (a) SPDMS cured at
65 °C; (b) sSPDMS cured at 80 °C; and (c) SPDMS cured at 80 °C (two layers). The single layer thickness
is 67um, and the diameter of internal holes is 1 mm. To realize the design of PDMS with sub-structures
as suggested by finite element analysis (Fig. S1), a 67 um thick thin film of PDMS was coated on glass
before preparing targeted PDMS thin films.



Table S1. Polydimethylsiloxane (PDMS) surfaces. Four types of PDMS surfaces are prepared in this
study, namely sPDMS, hPDMS, pPDMS and hpPDMS. To realize the design of PDMS with sub-
structures as suggested by finite element analysis (Fig. S1), a 67 pum thick thin film of PDMS is coated

on glass. The detailed properties of samples presented in Fig. 3 are described in the following table.

Diamet Slingle Weidht Curing
Samples |(an2nn(i)er Layers thi?r:lress reellt?o Temple rature Treatments
(um) e

sPDMS - 1 30 10:1 65 silanization
sPDMS - 1 30 10:1 65 -
sPDMS - 1 30 10:1 65 CF4/O2
hPDMS 0.01 1 30 10:1 65 silanization
hPDMS 0.01 1 30 10:1 65 -

Fig. 3a hPDMS 0.01 1 30 10:1 65 CF4/O2
pPDMS 0.01 1 30 10:1 65 silanization
pPDMS 0.01 1 30 10:1 65 -
pPDMS 0.01 1 30 10:1 65 CF4/O2
hpPDMS 0.01 1 30 10:1 65 silanization
hpPDMS 0.01 1 30 10:1 65 -
hpPDMS 0.01 1 30 10:1 65 CF4/O2
hPDMS 0.01 1 30 10:1 65 -
hPDMS 0.1 1 30 10:1 65 -
hPDMS 1 1 30 10:1 65 -
hPDMS 2 1 30 10:1 65 -
hPDMS 0.01 1 30 10:1 65 silanization
hPDMS 0.1 1 30 10:1 65 silanization
hPDMS 1 1 30 10:1 65 silanization

Fig. 3b hPDMS 2 1 30 10:1 65 silanization
hPDMS 0.01 2 30 10:1 65 -
hPDMS 0.1 2 30 10:1 65 -
hPDMS 1 2 30 10:1 65 -
hPDMS 2 2 30 10:1 65 -
hPDMS 0.01 2 30 10:1 65 silanization
hPDMS 0.1 2 30 10:1 65 silanization
hPDMS 1 2 30 10:1 65 silanization
hPDMS 2 2 30 10:1 65 silanization

Fig. 3¢ sPDMS - 1 30 10:1 65 -
sPDMS - 1 36 10:1 65 -




sPDMS - 1 67 10:1 65 -
sPDMS - 1 115 10:1 65 -
hPDMS 1 1 30 10:1 65 -
hPDMS 1 1 36 10:1 65 -
hPDMS 1 1 67 10:1 65 -
hPDMS 1 1 115 10:1 65 -
hPDMS 1 2 30 10:1 65 -
hPDMS 1 2 36 10:1 65 -
hPDMS 1 2 67 10:1 65 -
hPDMS 1 2 115 10:1 65 -
hPDMS 1/1/1 3 30 10:1 65 -
hPDMS  0.01/0.1/1 3 30 10:1 65 -
hPDMS 0.1/1/2 3 30 10:1 65 -

Fig. 3d hPDMS random 1 90 10:1 65 =
hPDMS 1/1/1 3 30 10:1 65 silanization
hPDMS  0.01/0.1/1 3 30 10:1 65 silanization
hPDMS 0.1/1/2 3 30 10:1 65 silanization
hPDMS random 1 90 10:1 65 silanization
sPDMS = 1 67 10:1 65 -
sPDMS = 1 67 10:3 65 -
sPDMS = 1 67 10:5 65 -
sPDMS = 1 67 10:10 65 -
sPDMS - 1 67 10:1 80 -

Fig. 3e sPDMS - 1 67 10:3 80 -
sPDMS - 1 67 10:5 80 -
sPDMS - 1 67 10:10 80 -
hPDMS 1 2 67 10:1 80 -
hPDMS 1 2 67 10:3 80 -
hPDMS 1 2 67 10:5 80 -
hPDMS 1 2 67 10:10 80 -
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Table S2. Summary of the ice adhesion strength of PDMS-based coatings in this study and

reported in literature. The ice adhesion strength in this table refers to the shear strength.

Materials Temperature (°C) S ::snz(iﬂe(igr;) Ref.
PDMS (10:1) -15 175+13.9 1
PDMS (10:1) -10 291+44 2
PDMS (10:1) -10 264 3
PDMS (1:1) -10 14 3
PDMS (10:1 to 40:1) -10 to -40 - 4
Pure PDMS
PDMS (10:1) -10 120-460 5
hPDMS (10:1) -18 60
hPDMS (10:3) -18 10.6 This
hPDMS (10:5) -18 7.1 study
hPDMS (10:10) -18 5.7
PDMS (1:1)/100-cP SO -10 <10 3
Fluorosilane/PDMS -15 30.0£13.4 6
Silicon oil/PDMS -10 40 7
Lubricant/PDMS -15 -- 8
Chemical PDMSMA-DE/epoxy -2 97 9
modified Nano-silica/PDMS 5 - 10
PDMS or
PDMS PDMS-b-FPAC -15 145+13 11
composites PDMS organogel -15 0.4 12
PDMS organogel -30 1.7+1.2 13
PDMS based gel -20 5.2 14
5%S17FH/PDMS -15 105+12 15
PDMS-b-PFA -15 187 16
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Table S3. Roughness on PDMS thin films with different weight ratio, layer thickness, and size of

internal holes. To realize the design of PDMS with sub-structures as suggested by finite element

analysis (Fig. S1), a 67 um thick thin film of PDMS was coated on glass before preparing targeted

PDMS thin films.

Single layer

Roughness Rq

Samples Diameter (mm) thickness (um) Weight ratio (nm)
- 30 10:1 153

PDMS - 30 10:3 127

- 30 10:5 155

- 30 10:10 173

0.01 30 10:1 218

hPDMS (two 0.01 30 10:3 263
layers) 0.01 30 10:5 245
0.01 30 10:10 238

0.01 30 10:1 294

hPDMS (two 0.1 30 10:1 315
layers) 1 30 10:1 234

2 30 10:1 226

1 30 10:1 402

hPDMS (two 1 36 10:1 349
layers) 1 67 10:1 385

1 115 10:1 381
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Fig. S8. SEM images of PDMS surfaces before (a) and after (b) the CF4/O; etching.
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Fig. S9. Contact angle (CA) and contact angle hysteresis (CAH) of sSPDMS, hPDMS, pPDMS and
hpPDMS.
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Fig. S10. Substrates for the preparation of PDMS thin films. (a) Silicon substrate with SU8 pillars; (b)
Silicon substrate with holes; (c) Design of SU8 pillars on silicon substrate.
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Fig. S11. Schematic overview of ice cylinders on PDMS substrates with sub-structures (a) before and

(b) during shear loading. The deformations in (a) have been ignored.

Cracks at ice-solid interface induced by MACI mechanism are schematically illustrated in
Fig. S11. The distance between two adjacent sub-structures is equal to the diameter of internal
holes, and the height of internal holes is constant (Fig. S10). The maximum possible total
length of cracks at ice-solid interface can be considered as the half-length of the solid substrate,
which is independent of the size of the internal holes. Of major interest here are the crack
openings (driving forces) as shown in Fig. S11b. The larger the size of the sub-structures, the
larger the crack driving forces at the ice-solid interface, which can dramatically reduce ice
adhesion strength.
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