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1. Deposition conditions 

a. Copolymers: 

Table S1 shows the deposition conditions for the copolymers displayed in Figure 3a. Filament 

temperature was set to 235 °C for all experiments in this series. The substrate temperature T 

allows for calculating the saturation pressure Psat for each species.  With the reactor pressure 

P and the flow rate for TBPO, DVB and H1F7Ma we obtain their relative partial pressures Pm. 

The compositional percentage is finally estimated by deducting the corresponding fractional 

saturation percentage.  

Table S1. Deposition conditions corresponding to Figure 3a. 
Composition 

% DVB 
0 % 

Pure H1F7Ma 
11 % 21 % 34 % 60% 100 % 

Pure DVB 

Reactor 
conditions 

T [°C] 50 51 51 51 51 51 

P [Torr] 0.3  0.35 0.35 0.35 0.35 0.35 

Psat [Torr] 
H1F7Ma 0.45 0.47 0.47 0.47 0.47 0.47 

DVB 2.94 3.11 3.11 3.11 3.11 3.11 

Flow rate 
[sccm] 

H1F7Ma 2.55 1.4 0.9 0.6 0.25 0 

DVB 0 1.1 1.6 2 2.35 2.5 

TBPO 1 1 1 1 1 1 

Pm/Psat 
H1F7Ma 0.48 0.3 0.2 0.13 0.05 0 

DVB 0 0.04 0.05 0.07 0.07 0.08 

Deposition 
time 15 11 11 20 25 40 

thickness N/A 112 118 89 99 70 

 

For the experimental conditions shown in Table S1, substrate temperature (50 °C) and reactor 

pressure (0.35 Torr) were kept constant across the different depositions to keep the saturation 

pressures constant for DVB and H1F7Ma. Similarly, total flow rate (DVB+ H1F7Ma+TBPO) 
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was maintained at 3.5 sccm. TBPO flow rate was kept constant so that the composition was 

modified by increasing the DVB rate by the same amount that the H1F7Ma flow rate was 

reduced (from left to right in table). Deposition time was increased when moving toward 

higher DVB content to get comparable thicknesses because Pm/Psat sets the deposition 

speed[1,2] (the process is absorption limited) and saturation pressure for DVB is almost an 

order of magnitude greater than for H1F7Ma. 

 

b. Sensitivity towards deposition conditions:  

A second set of depositions with similar composition (see Table S2) was performed in order 

to assess sensitivity of the iCVD technique to variations in substrate temperature or pressure 

of the reactor. It was found that lowering substrate temperature to 31 °C or reactor pressure to 

0.2 Torr (greyed column in Table S2) did not significantly modify the wetting performance of 

the coatings as shown by the corresponding contact angle measurements shown in 

supplementary Figure S1 (right). 

Table S2. Deposition conditions with similar DVB composition as in Table S1 but different 
substrate temperature (31 °C) or reactor pressure. 

Composition 
% DVB 

0 % 
Pure H1F7Ma 

11 % 23 %  38 % 68% 100 % 
Pure DVB 

Reactor 
conditions 

T [°C] 31 31 31 31 31 31 

P [Torr] 0.3  0.3 0.2 0.3 0.3 0.3 

Psat [Torr] 
H1F7Ma 0.15 0.15 0.15 0.15 0.15 0.15 

DVB 0.96 0.96 0.96 0.96 0.96 0.96 

Flow rate 
[sccm] 

H1F7Ma 0.8 0.8 0.5 0.3 0.1 0 

DVB 0 0.7 1 1.2 1.4 1.5 

TBPO 1.7a) 1 1 1 1 1 

Pm/Psat 
H1F7Ma 0.66 0.66 0.27 0.25 0.08 0 

DVB 0 0.09 0.08 0.15 0.17 0.19 

Deposition 
time 7 9 21 b) 12 20 21 

thickness 90 75 60 70 70 70 

a)It has been shown[1] that to get suitable depositions, monomers partial to saturation pressure 
ratio should satisfy Pm/Psat  < 0.7. Since we keep total flow rate constant across depositions, 
TBPO flow rate for the fluorinated homopolymer case had to be increased; b) this deposition 
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has a lower reactor pressure resulting in a slower deposition rate, hence an increased relative 
deposition time. 

 
Supplementary Figure S1: Advancing and receding (top and bottom triangles respectively) contact angles as a function of 
different DVB content. Left corresponds to Table S1 (and Figure 3a in main manuscript), right corresponds to Table S2. Only 
pure H1F7Ma (0% DVB) shows a small difference for the advancing contact angle. It is probably due to the homopolymer 
state above glass transition leading to coating destabilization into droplets, a process sensitive to temperature. 

In all polymerization depositions, the same termination procedure was used: 120 seconds after 
closing the monomer feed valve, the initiator feed was closed at the same time as the 
filaments were shut down. The reactor was finally pumped down and left at low pressure for 
at least 10 minutes before retrieving the samples. 

 

2. Wetting Contact Angle: water, oil and other substrates 

Dynamic wetting contact angle (WCA) measurements were performed on a goniometer 

equipped with an automatic dispenser (Ramé-Hart, model 500). An initial volume of 5 μL 

was deposited on the coated flat sample surface. One minute after initial deposition, its 

volume was continuously increased over a 60 second period up to 15 μL to measure the 

advancing WCA. The drop volume was then continuously decreased at the same rate to obtain 

the receding WCA. Measurements were done either with DI water or hexadecane (Sigma 

Aldrich 99%). Figure S2a shows the average value for water and oil on H1F7Ma-co-DVB 

coatings compared to pure DVB coatings or even flat polyester (PET) and nylon. It can be 

confirmed that the fluorinated copolymer shows the best behavior in terms of water and oil 

repellency. Although the contact angle for hexadecane on H1F7Ma-co-DVB coatings is below 

the 90 degree contact angle limit, an oil drop interacting with a H1F7Ma-co-DVB coated 
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fabric will soak with much more difficulty compared to a pure DVB coating or even with 

untreated fabrics (see Figure S2b). 

 

Supplementary Figure S2: a) Advancing and receding (top and bottom triangles respectively) contact angle on different flat 
substrates for water (in blue) and hexadecane oil (in red). H1F7Ma-co-DVB shows the best water and oil repellency 
performance. b) Typical outcome of hexadecane droplet after being deposited (top row) or impacted (bottom row) against 
polyester fabrics treated with different chemistries: untreated (left), coated with 100% DVB (middle), coated with 60% 
content DVB fluorinated copolymer (right). The wetted area has been colored with red for increased clarity. In the case of 
impacting droplet, picture has been taken 3 minutes after impact. Same conditions as Figure 3a. 

 

 

3. Texturing the fabric: Sandblasting process, roll off angle and dynamic wetting 

behavior. 

Micro-blasting [3–5] allows us to imprint a texture onto a substrate by bombarding aluminum 

oxide micro-particles into the fibers of the fabric. In all texturing experiments, a sand blasting 

gun (Badger) connected to a compressed air source (70 psi) is held perpendicular to the fabric 

at 3 cm from gun nozzle exit for 10 seconds. Because the target substrates are malleable they 

are mounted and backed by a rigid glass sheet and consequently, each particle impact results 

in an anticipated plastic deformation.[6,7] The deformation size is expected to be proportional 

to the size of the initial impacting particle. Since a typical fiber size is 10 microns we used 

different grit size ranging from 4 to 30 microns in size (Kramer Industries, grits 1200, 600, 

360, and 320 corresponding to average particle sizes of 4, 11, 23, and 30 µm respectively). 

Because energy is absorbed during the collision, particles can be embedded[8] into the fiber if 

they don’t have enough elastic energy to rebound. To address this problem, all samples were 

sonicated for 2 minutes in water after sandblasting to remove any stuck particles. The 
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resulting texture is shown in Figure S3.

 

Supplementary Figure S3: SEM top view of sand blasted fabrics. Top row shows a plain fabric before sand blasting process. 
Bottom row (corresponding to x500 magnification factor) shows texture for different average particle sizes. 

 

To assess the effect of micro-blasting on wetting properties, we report in Figure S4a the 

droplet roll-off angle as a function of the blasting particle size corresponding to SEM pictures 

of Figure S3. We confirm that increasing the sandblasting particle size allows for the 

reduction of the sticking behavior. Since micro-blasting modifies the visual appearance of the 

fabric, we performed droplet impact measurements (Figure S4b) to find the optimum between 

minimizing sandblasting damage (leading to appearance modification) and optimizing wetting 

performances. We observed that for blasting particle sizes of 4 µm and below, drops stopped 

gliding down the slope after several diameter lengths and finally remained pinned (see red 

arrows on Figure S4b). However, for blasting particle sizes of 11 µm and above, all drops 

were able to completely bounce off and detach from the fabric, making particle sizes of 11 

µm (same size as fiber diameter of 10 µm) the best candidate. 

Plain fabric

30 μm particle size23 μm particle size11 μm particle size4 μm particle size
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Supplementary Figure S4: a) Static performance: Roll-off angle for different water droplet radius R as a function of particle 
size. Only droplets smaller than 1.7 mm radius stick to the plain surface, regardless of the inclination of the surface. Each 
data point corresponds to an average of 4 measurements. b) Dynamic performance: Chronophotography (10 ms between 
snapshots) of 1 mm radius water droplet impacting from 33 cm height onto fabrics sandblasted with different particle sizes: 
ranging from plain fabric at the top to the biggest particle size (30 µm) at the bottom.  A red arrow shows that although the 
droplet is repelled by the fabric and glides down along the slope it finally remains stuck. All fabrics were coated with the 
fluorinated copolymer H1F7Ma-co-DVB (30% DVB content) after the sandblasting process. 

 

4. Literature values: Saturation pressure 𝑷𝒔𝒂𝒕 and glass transition temperature 𝑻𝒈. 

a. Saturation pressure:  

iCVD relies on the vaporization of the monomer in order to be able to flow it into the reactor 

chamber. For heavy compounds, increasing the saturation pressure by increasing its 

temperature will facilitate this process. However, to prevent thermal degradation and self-

polymerization, we cannot heat the considered monomers above 80 °C. Hence, we report in 

Figure 1b the saturation pressure values at this given temperature. Psat was calculated from 

literature data values either using: 

- the Antoine coefficients A, B, C from Yaw’s Handbook[9] with the equation: 𝑃()*(𝑇) =

	10234/(678) 

or; 

- the Boiling point temperature (𝑇49	 in K at 𝑃49 = 760 torr) and Heat of vaporization H with 

the Clausius-Clapeyron equation: 𝑃()*(𝑇) = 	𝑃49	𝑒
3=>(
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using again the Clausius-Clapeyron equation between the Boiling Point (𝑃49 = 760 torr) and 

the Vapor Pressure value 𝑃C6	at room temperature 𝑇C6 = 293 K: G
C
= 	 𝑙𝑛

B>@	
BAB	

J
?

@AB	
	3 ?
	@>@	

. The 

values for the boiling point temperature 𝑇49	 and the Vapor Pressure 𝑃C6	 were obtained from 

EPIsuiteTM and PhysChem ACD/Labs Percepta platform modules (available through 

Chemspider). 

 

b. Glass transition temperature:  

Data for non-fluorinated acrylates and methacrylates was obtained as the average values form 

the Encyclopedia of Polymer science and Engineering [10,11], the Polymer Handbook of 

Immergut et al.[12,13] and the work of Karelson et al.[14,15].    

Data for olefins were obtained as the average of the values obtained from Sigma Aldrich 

database, Polymer Properties Database and the following literature works[16–18]: Properties of 

polymers[16], Polymers: A properties database[17], Gaddam et al.[18]. 

Data for fluorinated acrylates was obtained as the average values form the following literature 

works[19–21]. Data for fluorinated methacrylates was obtained as the average values form the 

following literature works[20,22,23]. 

 

5. Discussion on favoring fluorine content vs Tg and Tm 

When optimizing hydrophobic coatings, we need to have two properties in mind: the 

hydrophobic nature of the coating arising from the chemical nature of the polymer and the 

pinning arising from the contact angle hysteresis.   

The first one will get improved (increasing hydrophobicity) with higher fluorine content (due 

to the very low surface energy of -CF2 and -CF3 groups). The second one (pinning) would be 

greatly optimized (i.e. reduced) if we were able to get a crystalline polymer (melting 

temperature Tm above room temperature) or a thermoplastic (amorphous polymer with Tg 
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above room temperature).  Since crystallinity occurs for long side chain fluorinated carbons 

(banned by EPA regulations), the only suitable thermoplastic solutions correspond to 

methacrylates with only 1 or 2 fluorinated carbons (see Figure 1c). However, in this case, the 

corresponding fluorine content ranges between 16% and 23 % (atomic percentage), too low to 

be able to yield suitable hydrophobic performance.  Since all other solutions will give an 

elastomer polymer (Tg below room temperature), fluorine content optimization is to be 

favored. 

 

6. SEM cross section 

Cross section milling of fabrics was performed with a Jeol cross section polisher (SM-09010) 

with argon gas at accelerating voltage of 6 kV and ion beam diameter 0.5 mm for 2 hours. 

The fabric was sandwiched between two coverslips (150 µm thick) to help dissipate heat 

during polishing.  In order to be able to see the polymer coating (see Figure S5), imaging was 

done with a ZEISS Merlin SEM at currents below 100 pA to avoid charging of the sample (no 

sputtering was applied).    

 
Supplementary Figure S5: SEM view of cross sectioned fabric. Left: Polyester fabric coated with PFDA. The coating’s 
crystalline form and high melting temperature yields better cross sectioning and imaging resolution. Right: Polyester fabric 
coated with H1F7Ma-co-DVB. Curtaining and smearing effects are more visible in this sample. Polymer coating can be 
observed on the zoomed picture showing great conformality. Scale bar: 1 µm. 
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7. AFM characterization 

In order to further characterize the coatings and assess the potential role of roughness in the 

wetting contact angle behavior, we show in Figure S6 AFM scans of different DVB content 

samples of H1F7Ma-co-DVB. They all show rms roughness below ~10 nm and a roughness 

factor r defined by the Wenzel equation cos 𝜃w = r cos 𝜃0 (𝜃w and 𝜃0 being the apparent contact 

angle and young contact angle respectively) below 1.01. 

Supplementary Figure S6: 5 µm × 5 µm AFM height scan showing surface characterization of iCVD H1F7Ma-co-DVB 

coating deposited on a smooth silicon substrate. A AFM Nanoscope V – Dimension 3100 was used in tapping mode with a 

tip velocity of 10µm/s. RMS roughness is below 11 nm for all samples. 

 

8. Caption of movies 

Supplementary Movie 1: Water droplet deposited onto flat silicon substrate coated with 

H1F7Ma homopolymer. Once the droplet is deposited, the advancing contact angle relaxes 

from an initial value around 120° to a value below 100° (a first indication of the lack of 

stability of the homopolymer coating, see Figure S7). When removing the drop, the extremely 

low receding contact angle (around 30°) yields highly pinning behavior. After removal, a 

clear mark of the contact line is observed at the former triple line equilibrium position. 
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Supplementary Figure S7: Contact angle (left axis) and width W of contact area of droplet (right axis) for a water droplet 
placed on a flat substrate coated with pure H1F7Ma homopolymer (left) or pure DVB (right) and whose volume is gradually 
increasing from 5 µL to 15 µL. For H1F7Ma, although the drop volume remains unchanged (liquid is injected into the drop 
only after 60 seconds), the contact angle decreases rapidly for the 10 first seconds, a signature that the coating is not stable 
(this effect is not visible for pure DVB). 
 
Supplementary Movie 2: Rain Test (AATCC 22-2005) comparison between an iCVD coated 
(left) and bare (right) PET fabric. For each case, a large view (small enclosing showing the 
nozzle) and a close-up view (showing the fabric weave detail) are represented. iCVD coated 
fabric shows a 100/100 (ISO 5) standard spray rating (100 being the highest water repellency 
performance). 
 
Supplementary Movie 3: 20 µL water droplet deposited on a pure cotton iCVD coated fabric 
(left) compared to the non-coated (right) case.  
 
 
References 
 
[1] K. K. Lau, K. K. Gleason, Macromolecules 2006, 39, 3688. 
[2] K. K. Lau, K. K. Gleason, Macromolecules 2006, 39, 3695. 
[3] A.-G. Pawlowski, A. Sayah, M. A. M. Gijs, J. Microelectromechanical Syst. 2005, 14, 

619. 
[4] H. Yagyu, K. Sugano, S. Hayashi, O. Tabata, J. Micromechanics Microengineering 2005, 

15, 1236. 
[5] P. J. Slikkerveer, P. C. P. Bouten, F. C. M. de Haas, Sens. Actuators Phys. 2000, 85, 296. 
[6] H. Wensink, M. C. Elwenspoek, Wear 2002, 253, 1035. 
[7] A. Patnaik, A. Satapathy, N. Chand, N. M. Barkoula, S. Biswas, Wear 2010, 268, 249. 
[8] C.-J. Tsai, D. Y. H. Pui, B. Y. H. Liu, Aerosol Sci. Technol. 1990, 12, 497. 
[9] C. L. Yaws, M. A. Satyro, in Yaws Handb. Vap. Press. Second Ed., Gulf Professional 

Publishing, 2015, pp. 1–314. 
[10] H. F. Mark, Encyclopedia of Polymer Science and Engineering, Vol. 1, 2nd Ed., Wiley, 

New York, 1985. 
[11] J. M. Frief, Paint Coat. Test. Man. 1995, 39. 
[12] J. Brandrup, E. H. Immergut, E. A. Grulke, A. Abe, D. R. Bloch, Polymer Handbook, 

Wiley Chichester, UK, 1989. 
[13] F. Fleischhaker, A. P. Haehnel, A. M. Misske, M. Blanchot, S. Haremza, C. Barner-

Kowollik, Macromol. Chem. Phys. 2014, 215, 1192. 
[14] A. R. Katritzky, S. Sild, V. Lobanov, M. Karelson, J. Chem. Inf. Comput. Sci. 1998, 38, 

300. 
[15] A. Afantitis, G. Melagraki, K. Makridima, A. Alexandridis, H. Sarimveis, O. Iglessi-

Markopoulou, J. Mol. Struct. THEOCHEM 2005, 716, 193. 
[16] D. W. van Krevelen, Properties of Polymers. Their Correlation with Chemical Structure; 

Their Numerical Estimation and Prediction from Additive Group Contributions, Elsevier, 
Amsterdam, 2009. 

[17] B. Ellis, R. Smith, Polymers: A Property Database, Second Edition, CRC Press, 2008. 
[18] Babu N. Gaddam, n.d. 
[19] X. L. Yu, W. H. Yu, X. Y. Wang, J. Struct. Chem. 2010, 50, 821. 
[20] C. Duce, A. Micheli, R. Solaro, A. Starita, M. R. Tiné, J. Math. Chem. 2009, 46, 729. 
[21] F. A. Bovey, J. F. Abere, G. B. Rathmann, C. L. Sandberg, J. Polym. Sci. 1955, 15, 520. 
[22] S. K. Papadopoulou, I. Karapanagiotis, I. Zuburtikudis, C. Panayiotou, J. Polym. Sci. 

Part B Polym. Phys. 2010, 48, 1826. 
[23] N. M. L. Hansen, M. Gerstenberg, D. M. Haddleton, S. Hvilsted, J. Polym. Sci. Part 
Polym. Chem. 2008, 46, 8097.  


