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Fibrous Beads-on-string Corpuscular 

c=15 mg/ml, Mw=593,000 g/mol 

Mn 

(kg/mol) 

Mw 

(kg/mol) 

Mp 

(kg/mol) 

PDI 

Mw/Mn 

B1 65 102 82 1.56 

B2 220 593 721 2.69 

N1 118 124 125 1.04 

N2 245 272  247 1.11 

N3 565 761  605 1.13 

N4 2117 2276 2580 1.08 
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c/c*=1.02 ; Mw=761,000 g/mol c/c*=0.67 ; Mw=761,000 g/mol c/c*=2.7 ; Mw=761,000 g/mol 

c=25 mg/ml, Mw=593,000 g/mol 

Figure 1 (A) Schematic of spray apparatus with 

operating conditions of distance L = 25 cm and pressure 

P = 170 kPa under a constant temperature and a range 

of relative humidity  

(T = 21.6  °C, RH: 20-60 %). 

Figure 2 (A) Scanning electron microscope images of 

silicon surfaces sprayed with 50/50 wt% 

PMMA/fluorodecyl POSS blends of differing solute 

concentrations as indicated.  

 

(B) SEM images of surface structures obtained upon 

spraying a 50/50 POSS/PMMA blend at 25 mg/ml using 

N1,N2,N3. The corresponding energy-dispersive X-ray 

spectroscopy (EDX) elemental map showing the spatial 

distribution of elemental fluorine. The fractional area 

coverage of fluorine, calculated from the pixel intensity of 

the EDX images, is 0.25, 0.39 and 0.62 respectively. 

Energy-dispersive X-ray spectroscopy (EDX) 

elemental Fluorine map 

Image of the polymer solution ejected from the spray nozzle obtained 

using a Photron video camera at 90,000 fps. An estimate of the 

Reynolds number at the nozzle is obtained from the fluid material 

properties and  the nozzle diameter (D=0.75 mm) 
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Figure 3. Operating diagram for solution spraying of 

PMMA structures, showing the variation of the 

observed morphologies upon increasing the 

concentration of polymer solution for various 

molecular weights (Mw). The dotted line corresponds 

to equation for the critical overlap concentration c*, for 

PMMA as a function of Mw.   
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Estimation of c* (overlap concentration) 

Mark-Houwink-Sakurada relation 
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Time scales and analysis of break-up 
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 Mw c/c* λz(μs) Oh  De  Structure 

124  0.26 1.6 0.012 7.1x10-4 Sparse 

272  0.57 9.2 0.020 4.1x10-3 Corpuscular 

761  1.04 58 0.041 2.6x10-2 Beads on string 

2276 0.72 410 0.017 1.8x10-1 Fibers 

Figure 4. SEM images illustrating the the influence of 

adding a small fraction of high molecular weight 

PMMA  (4 wt% N4) to a non-spinnable solution of low 

Mw PMMA  (B1) resulting in the formation of a fibrous 

morphology.  

 

Figure 5. Advancing (θ*
adv) and receding 

(θ*
rec) water contact angles on a silicon 

substrate spray coated with 50 mg/ml 

PMMA (B2)/fluorodecyl POSS blends of 

varying POSS fraction indicating transition 

from ‘sticky hydrophobic’ behaviour to 

superhydrophobic at >16wt % POSS 

content. 

 

Apparatus and Polymer Characterization 

Super-omniphobic Behavior 

c=50 mg/ml, Mw=593,000 g/mol 
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c/c*=0.7 ; Mw=2,276,000 g/mol 
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Increasing concentration 

Increasing Mw 

PMMA/POSS N1 PMMA/POSS N2 PMMA/POSS N3 

0.39 0.62 

θa=160; θr=158 θa=152; θr=151 θa=153; θr=148 

sparse beads on string 

( 0.79);  Hamori et al. (1965)a 

Zimm (longest) time constant 

ω 

Image Source: James C. Hermanson, 

University of Washington 

 

 

 

Plateau-Rayleigh instability: 

capillary  driven breakup of 

newtonian jet 

Coil Overlap 
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corpuscular c/c*=0.75, c=45 mg/ml, Mw=102k c/c*=0.7, c=6 mg/ml, Mw=2276k 
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Figure 5 (A) Schematic showing a liquid flow on a solid surface 

exhibiting effective fluid slip (B) Graph plotting reduced viscosity 

against channel height to determine mean slip length. (C) Image 

analysis to compare calculated slip with the scaling theory by Ybert. 

Application to Fluid Drag Reduction 

Confocal slice 
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Figure 6 (A) Fabrication of dual-textured 

spray-coated superhydrophobic mesh 

surfaces to enhance surface periodicity and 

effective slip at the cost of lower 

breakthrough pressures (B) Measurement of 

reduced apparent viscosities on dual 

textured surfaces corresponding to larger 

slip lengths (C) Comparison of viscosities on 

flat surface with no slip, to spray-coated SH 

surface and dual-textured mesh surfaces for 

fixed gap height of 1mm.  
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