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1. Freeze and Frost Cycles on SLIPS surfaces 
In the case of frosting on SLIP surfaces, water drops are free to move in every direc-

tion and they first nucleate on the free surface of the lubricant [1]. Since the drops are 
small, in the early stage one can neglect gravity. After some time, the drops grew in size. 
Due to gravity the drops begi to sink until their bottom come into contact with the sub-
strate forming a three-phase contact line between water/lubricant/substrate. The creation 
of this solid contact line is the cause of the of the surface pinning. If pinned neighboring 
drops grew large enough that the lubricant menisci start overlapping a net attractive force 
between each other arises. Such phenomenon is similar to the lateral attraction between 
two particles which are suspended on a free liquid surface [2]. The consequent coalescence 
drives lubricant transport to the lateral directions (See Scheme S1). 

During the freeze/thaw cycles the same lubricant transport to the lateral direction is 
extreme so as it is the lubricant drainage from the surface porosity because of the amount 
of pressure exerted by the water column. As seen from the SEM micrograph a Figure S1., 
the transport phenomena during the freezing cycle leads to the accumulation of lubricant 
on the border of the freezing zone. We presume that the drainage of lubricant out the 
freezing area is the main responsible for the loss of anti-wetting properties. 

 
Figure 1. (a) SEM micrograph of the freezing zone of SiO2SO10 surface after freeze/thaw test; (b) 
SEM micrograph of the freezing zone of SiO2Kr105 surface after freeze/thaw test; (c) and (d) are 
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instead reported as example of lubricant accumulation on the border zones for SiO2SO10 and 
SiO2Kr105 respectively. 

 
Scheme 1. Pinning and coalescence freezing. 

2. Calculation of the Hamaker Constant: 
The original Lifshitz theory Dzyaloshinskii-Lifshit-Pitaevskii (DLP) theory is a clas-

sical theory derived as a generalisation of quantum field theory. Within this theory the 
atomic structure is ignored and the forces between large bodies - now treated as continu-
ous media-are derived in terms of bulk properties as dielectric constants and refractive 
indices. In the planar “asymmetric configuration”, i.e. two phases a and c interacting 
across medium b (See Scheme S2), the complete expression for the nonretarded Hamaker 
constant based on the DLP theory is [3,4]: 
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Where: 𝜀௜ are the static dielectric constants with index 𝑖 ൌ 𝑎, 𝑏, 𝑐 (the three media); 𝜀௜ሺ𝑖𝜉ሻ are the values of 𝜀௜ at imaginary frequencies with index 𝑖 ൌ 𝑎, 𝑏, 𝑐; 𝑘஻ is the Boltzmann Constant; ℎ is the Plank Constant. 

The first term of Equation (1) gives the zero-frequency energy of the van der Waals 
interaction and includes the Keesom and Debye contributions. The second term gives the 
dispersion energy and it includes the London energy contribution. The equation is not 
exact, because it is the first term in an infinite series, anyhow the other terms are small and 
they generally contribute no more than 5%. 

 
Scheme S2. Semi-infinite layers of two mediums a and c acting across a medium b of thickness D. 

If we assume that i) the dispersion energy is largely determined by the electronic 
absorption only, and ii) the absorption frequencies of all three media are assumed to be 
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the same, we obtain the following approximate expression for the nonretarded Hamaker 
constant for two macroscopic phases a and c interacting across a medium b: 
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(2)

Where: 𝜈௘ is the plasma frequency of free-electron gas; 𝑛௔, 𝑛௕, 𝑛௖ are the refractive index of material a, b, and c. 

The interface potential on the non-retarded van der Waals free energy interaction 
between two semi-infinite layers a and c acting across a medium b, as a function of layer 
separation D (Scheme S2), is: 
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It is important to bear in mind that the DLP theory is a continuum theory, therefore 
it might only be safely used when the interacting surfaces are farther apart than the mo-
lecular dimensions of the surface structures. The systems we considered in our experi-
ments are on the edge of the DLP's limit. The results obtained (See Figure S2) are indeed 
of qualitative nature only, because the nanostructures on the inorganic layers of the de-
veloped coating are on the same scale as the thickness of the lubricant film covering the 
top region of the inorganic layers. 

 
Figure S2. Dispersion energy term vs. Krytox™ lubricant thickness with both Silica and Alumina 
layers. 
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