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 Hierarchically Structured Superoleophobic Surfaces 
with Ultralow Contact Angle Hysteresis  
 Superoleophobic surfaces can repel essentially any contacting 
liquid, including various low surface tension liquids. A surface 
is considered superoleophobic if the apparent contact angle   θ   ∗    
for the contacting liquid droplet is greater than 150 °  and the 
surface displays low contact angle hysteresis  Δ   θ   ∗    (the difference 
between the advancing and receding contact angles). [  1  ]  While 
there are several natural and engineered superhydrophobic sur-
faces (  θ   ∗     >  150 °  and  Δ   θ   ∗     <  5 °  for water), there are no naturally 
occurring superoleophobic surfaces. This is because low sur-
face tension liquids, such as various oils and alcohols, tend to 
easily wet and spread on most solid surfaces. Superhydrophobic 
surfaces have been extensively investigated, both experimen-
tally and theoretically, in the past decade. [  2–13  ]  In comparison, 
there are signifi cantly fewer publications on developing supe-
roleophobic surfaces. In recent work, we [  1  ,  14–17  ]  and others [  18–20  ]  
explained how re-entrant surface curvature in conjunction with 
surface chemistry and roughness can be used to design supe-
roleophobic surfaces. While several surfaces have now been 
engineered with   θ   ∗     >  150 °  for various low surface tension liq-
uids, none of them, [  19–30  ]  including our previous work, [  1  ,  14–17  ]  
reported a contact angle hysteresis  Δ   θ   ∗     <  5 °  with liquids pos-
sessing a surface tension lower than that of  n -hexadecane (  γ  lv    =  
27.5 mN m  − 1 ). Note that  Δ   θ   ∗     <  5 °  has been reported before on 
surfaces that show low apparent contact angles (  θ    ∗    <  120 ° ). [  31  ]  
However, such surfaces require a lubricating liquid fi lm. Devel-
oping superoleophobic surfaces with ultralow contact angle 
hysteresis can extend the applications of superhydrophobic sur-
faces to low surface tension liquids, as well as, open avenues 
to new applications. Such surfaces are expected to be critical 
for a range of applications including stain-free textiles and spill-
resistant protective wear, [  24  ]  enhanced solvent-resistance, [  29  ]  
self-cleaning, [  9  ]  reduction of biofouling, [  32  ]  fi nger-print resistant 
surfaces for fl at-panel displays, cellphones and sunglasses, [  33  ]  
drag reduction, [  34  ]  developing truly “nonstick” coatings and 
icephobicity. [  35  ]  

 Contact angle hysteresis is a strong function of the con-
tact area between the solid surface and the liquid droplet. In 
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order to design a surface with low contact angle hysteresis, it is 
important to lower the solid-liquid contact area. Hierarchically 
structured surfaces, i.e., surfaces with more than one scale of 
texture (typically a fi ner length scale texture on an underlying 
coarser length scale texture), that can support the so called 
Cassie–Baxter state, [  36  ]  display low contact angle hysteresis with 
contacting liquids because of the reduced solid-liquid contact 
area. [  10  ]  In this work, we utilize and expand upon the previous 
advances in understanding superhydrophobic [  2–13  ]  and supero-
leophobic [  1  ,  14–20  ]  surfaces to systematically design hierarchically 
structured superoleophobic surfaces that exhibit ultralow con-
tact angle hysteresis with essentially any contacting liquid. Our 
surfaces allow, for the fi rst time, even extremely low surface ten-
sion liquids, such as  n -heptane (  γ  lv    =  20.1 mN m  − 1 ), to bounce 
and roll-off at angles   ω   ≤ 2 ° . Further, we have also studied, for 
the fi rst time, the infl uence of systematically varying the inter-
feature spacing for both the coarser length scale and the fi ner 
length scale re-entrant features of the hierarchical surface on 
the measured contact angle hysteresis. 

 When a liquid comes in contact with a textured surface, it 
leads to either the fully wetted Wenzel [  37  ]  state or the Cassie–
Baxter [  36  ]  state, which supports a composite solid-liquid-air 
interface. The formation of the Cassie–Baxter state reduces the 
solid-liquid interfacial area, thereby promoting high apparent 
contact angles   θ   ∗    and low contact angle hysteresis  Δ   θ   ∗   . [  4  ,  38–40  ]  
Development of superoleophobic surfaces requires the design 
of substrates that promote the formation of the Cassie–Baxter 
state with essentially any contacting liquid. In our previous 
work, we [  1  ,  14–17  ,  41  ]  discussed two dimensionless design param-
eters, the spacing ratio  D   ∗   and the robustness factor  A   ∗  , for the 
systematic design of superoleophobic surfaces. 

 The spacing ratio  D   ∗   is a measure of the air trapped under-
neath a liquid droplet when it forms a composite interface with 
a textured surface. For textured surfaces composed of discrete 
spherical particles (such as the electrospun microbeads consid-
ered here),  D∗

par ticl e = [(
Rpar ticl e + Dpar ticl e

)/
Rpar ticl e

]2  , where 
 R particle   is the radius of the spherical particle and  D particle   is half 
the interparticle spacing. The Cassie–Baxter relationship can be 
rewritten in terms of  D   ∗    particle   as: [  16  ] 

 
cos θ∗

par ticl e = −1 + 1

D∗
par ticl e

[
π

2
√

3
(1 + cos θ )

]2

  (1)    

 Here   θ   is the Young’s contact angle. [  42  ]  Similarly, for textured 
surfaces composed of cylindrical fi bers (such as the stainless steel 
meshes considered here),  D∗

f iber = (
R f iber + D f iber

)/
R

f iber
  , 

where  R fi ber   is the radius of the cylindrical fi ber and  D fi ber   is half 
the inter-fi ber spacing. The Cassie–Baxter relationship can be 
rewritten in terms of  D   ∗    fi ber   as: [  1  ,  14  ,  16  ]
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cos θ∗

f iber = −1 + 1

D∗
f iber

[sin θ + (π − θ ) cos θ ]
 
 (2)    

 Now, consider a hierarchically structured surface composed 
of discrete spherical particles on top of the underlying cylin-
drical fi ber texture. The Cassie–Baxter relationship for such a 
surface can be rewritten recursively [  11  ,  14  ]  as:

 

cos θ∗
hier ar chical = −1 + 1

D∗
f iber

× [
sin θ∗

par ticl e + (
π − θ∗

par ticl e

)
cos θ∗

par ticl e

]
  (3)    

 Higher values of  D   ∗    particle   and  D  ∗   fi ber   correspond to a higher 
fraction of air within the composite interface, thereby resulting 
in a higher  θ   ∗    hierarchical   (see  Equations (1)  and  (3) ). 

 The robustness factor  A   ∗   represents the ratio between the 
breakthrough pressure  P breakthrough   required to force the tran-
sition from the nonwetting Cassie–Baxter state to the fully 
wetted Wenzel state and a characteristic reference pressure  P ref  , 
given as  Pr e f = 2γlv

/
lcap   , where  lcap = √

γlv/ρg    is the capil-
lary length (here   γ  lv   is the liquid surface tension,   ρ   is the liquid 
density and  g  is the acceleration due to gravity). This reference 
pressure  P ref   is approximately the minimum possible pressure 
difference across the composite interface for millimetric or 
larger liquid droplets or puddles on extremely nonwetting tex-
tured surfaces. [  1  ]  For textured substrates composed of discrete 
spherical particles, the robustness factor  A   ∗    particle   is given as: [  16  ] 

 

A∗
par ticl e = Pbr eakthr ough

Pr e f

= 2π lcap

Rpar ticl e

(
2
√

3D∗
par ticl e − π

) (1 − cos θ )(√
D∗

par ticl e − 1 + 2 sin θ
)
  

 (4)    

 For textured surfaces composed of cylindrical fi bers, the 
robustness factor  A   ∗    fi ber   is given as: [  1  ,  14  ,  16  ]

  

A∗
f iber = Pbr eakthr ough

Pr e f

= lcap

R f iber

(
D∗

f iber − 1
) (1 − cos θ )(

D∗
f iber − 1 + 2 sin θ

)
  (5)    

 For a hierarchically structured surface composed of the dis-
crete spherical particles on top of the underlying cylindrical fi ber 
texture, the composite interface is the least stable on the texture 
with the largest interfeature spacing, [  14  ]  i.e., the cylindrical fi ber 
texture (assuming  R particle    <  <   D fi ber  ). Consequently, the robust-
ness factor for the hierarchically structured surface,  A   ∗    hierarchical   
 =   A  ∗   fi ber  . Large values of robustness factor ( A   ∗    hierarchical    >  >  1) 
indicate the formation of a robust composite interface with very 
high breakthrough pressures. On the other hand, as  A   ∗    hierarchical   
approaches unity,  P breakthrough   decreases towards  P ref  . Thus, a 
composite interface on any surface with  A   ∗    hierarchical    <  1 cannot 
maintain its stability against even small pressure differentials, 
causing the liquid to penetrate into the textured surface and 
ultimately leading to the fully wetted Wenzel state. 
© 2012 WILEY-VCH Verlag GAdv. Mater. 2012, 24, 5838–5843
 In this work, we employed a single-step technique, based on 
electrospinning microbeads (fi ner length scale texture) of 50 wt% 
fl uorodecyl POSS [  1  ,  15  ]   +  PMMA (poly(methylmethacrylate)) 
blend (  γ  sv    =  10.3 mN m  − 1 ) onto textured substrates (stainless 
steel wire meshes) possessing re-entrant curvature on the 
coarser length scale (see the Experimental Section). Note that 
the microbeads completely cover the wire mesh, i.e., they are 
coated all around each wire. This allows us to fabricate novel 
hierarchically structured surfaces that possess re-entrant curva-
ture on both the coarser and the fi ner length scales.   

 In order to systematically investigate the infl uence of the 
fi ner length scale texture on the apparent contact angle   θ    ∗   
and the contact angle hysteresis  Δ   θ    ∗   for various low surface 
tension liquids, we electrospun microbeads of 50 wt% fl uoro-
decyl POSS  +  PMMA blend onto a nontextured substrate 
(silicon wafer). We used four different solvents for the electro-
spinning process–Asahiklin 225 (AK225) only, as well as, mix-
tures of AK225 with 5, 10, and 15 vol% dimethyl formamide 
(DMF). The highly porous structure obtained using AK225 
only ( Figure    1  a,  R particle    ≈  10  μ m,  D  ∗   particle    =  30.3) results in a 
high apparent contact angle   θ    ∗    oil ,  adv    =  163 °  for  n -hexadecane. 
However, the same structure is completely wet by  n -heptane 
(   θ     ∗    oil ,  adv   ≈  0 ° , see Figure  1 e). This is because, even though the 
fabricated texture can support  n -hexadecane (  θ  oil,adv    =  79 ° , 
 A   ∗    particle    =  1.5) in the Cassie–Baxter state, it allows  n -heptane 
(  θ  oil,adv    =  61 ° ,  A   ∗    particle    =  0.9) to transition to the Wenzel state. As 
the vol% of DMF in the solution increases, the spacing between 
the microbeads decreases (see Figure  1 b–d), which in turn leads 
to an increase in the value of robustness factor  A   ∗    particle  . Conse-
quently, the microbead structure obtained using a mixture of 
AK225 with 5 vol% DMF (Figure  1 b,  R particle    ≈  6.7  μ m,  D   ∗    particle    =  
15.9) can support both  n -hexadecane ( A   ∗    particle    =  5.6) and  n -hep-
tane ( A   ∗    particle    =  3.4) in the Cassie–Baxter state with a reasonably 
low contact angle hysteresis ( Δ   θ    ∗    oil    =  6 °  for  n -hexadecane and 
 Δ   θ    ∗    oil    =  10 °  for  n -heptane). While morphologies obtained using 
higher DMF content can also support both  n -hexadecane and 
 n -heptane in the Cassie–Baxter state, the lower porosity (i.e., 
higher solid-liquid contact area) leads to a signifi cantly higher 
contact angle hysteresis  Δ   θ    ∗    oil  . Thus, we utilized the structure 
obtained using a mixture of AK225 with 5 vol% DMF as the 
fi ner length scale texture in all the hierarchically structured sur-
faces discussed below.   

 Figure 2  a shows a stainless steel mesh 70 ( D   ∗    fi ber    =  1.4) uni-
formly coated with electrospun microbeads of 50 wt% fl uoro-
decyl POSS  +  PMMA blend. This hierarchically structured 
surface possesses re-entrant texture on both the coarser and 
fi ner length scales. The hierarchical texture, along with the low 
solid surface energy, renders our surfaces superoleophobic with 
high apparent contact angles (see Figure  2 b and section 1 in 
the supporting information) and ultralow contact angle hyster-
esis even with extremely low surface tension liquids such as 
 n -heptane (  θ    ∗    oil ,  adv    =  155 ° ,  Δ   θ    ∗    oil    =  4 ° ). To our knowledge, this 
is the fi rst-ever report of a superoleophobic surface that dem-
onstrates a contact angle hysteresis  <  10 °  with an extremely 
low surface tension liquid such as  n -heptane. Note that the 
contact angle hysteresis for  n -heptane on a surface with the 
coarser length scale texture only (stainless steel mesh 70 dip-
coated with 50 wt% fl uorodecyl POSS  +  PMMA blend) is  Δ   θ    ∗    oil   
 =  105 °  and on a surface with the fi ner length scale texture only 
5839wileyonlinelibrary.commbH & Co. KGaA, Weinheim



5840

www.advmat.de
www.MaterialsViews.com

C
O

M
M

U
N

IC
A
TI

O
N

     Figure  1 .     a), b), c), and d) SEM images of electrospun microbeads of 50 wt% fl uorodecyl POSS  +  PMMA blend obtained using AK225 only, AK225 
with 5 vol% DMF, AK225 with 10 vol% DMF, and AK225 with 15 vol% DMF, respectively. The substrates for electrospinning are (nontextured) silicon 
wafers. e) The advancing and receding apparent contact angles for  n -hexadecane and  n -heptane on the surfaces shown in a)–d).  
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(electrospun microbeads of 50 wt% fl uorodecyl POSS  +  PMMA 
blend on a silicon wafer) is  Δ   θ    ∗    oil    =  10 °  (Figure  2 c). The ultralow 
contact angle hysteresis on the hierarchically structured sur-
wileyonlinelibrary.com © 2012 WILEY-VCH Verlag Gm

     Figure  2 .     a) SEM image of a stainless steel mesh 70 uniformly coated with
b) Droplets of rapeseed oil (  γ  lv    =  35.7 mN m  − 1 ),  n -hexadecane (  γ  lv    =  27.5 mN 
showing very high apparent contact angles on the surface shown in a). c) A
hierarchically structured surface, as well as, on surfaces with the coarser len
only. The receding contact angle legends are not visible for the hierarchica
d) and e) SEM images showing the vicinity of the contact line along the coar
the hierarchically structured surface. The distortions in the contact line are evi
liquids on the hierarchically structured surface. The inset shows a  n -heptane
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face is a direct consequence of the reduced solid-liquid contact 
area. Indeed, an inspection of the vicinity of the triple phase 
contact line (see the Experimental Section) shows a reduction 
bH & Co. KGaA, Weinheim

 electrospun microbeads of 50 wt% fl uorodecyl POSS  +  PMMA blend. 
m  − 1 ),  n -dodecane (  γ  lv    =  25.3 mN m  − 1 ) and  n -heptane (  γ  lv    =  20.1 mN m  − 1 ) 
dvancing and receding apparent contact angles for various liquids on a 
gth scale texture only and on surfaces with the fi ner length scale texture 
lly structured surfaces because of the ultralow contact angle hysteresis. 
ser length scale texture and the fi ner length scale texture, respectively, of 
dence of air trapped at both the length scales. f) Roll-off angles of various 
 droplet rolling on a hierarchical surface at a roll-off angle   ω    =  3 ° .  
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     Figure  3 .     a), b), c) and d) SEM images of the hierarchically structured surfaces with a mesh spacing ratio  D   ∗    fi ber    =  1.2,  D   ∗    fi ber    =  1.5,  D   ∗    fi ber    =  1.9, and 
 D   ∗    fi ber    =  2.5, respectively. e), f) and g) The apparent contact angles, the roll-off angles, and the breakthrough pressures, respectively, as a function of 
the mesh spacing ratio for  n -hexadecane and  n -heptane.  
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of the solid-liquid contact area due to the air trapped along both 
the coarser length scale texture (Figure  2 d), as well as the fi ner 
length scale texture (Figure  2 e). This ultralow contact angle hys-
teresis results in roll-off angles   ω   ≤ 3 °  for essentially any con-
tacting liquid with surface tension   γ  lv    ≥  20.1 mN m  − 1  (Figure  2 f). 
Note that all our roll-off angle measurements utilized very small 
( ≈  2  μ L) liquid droplets. The experimentally measured roll-off 
angles match reasonably well with our predictions (see Sup-
porting Information, Section 2). Videos illustrating the roll-off 
of  n -hexadecane (Movie S1) and  n -heptane (Movie S2) droplets 
on a stainless steel mesh 70 coated with electrospun microbeads 
of 50 wt% fl uorodecyl POSS  +  PMMA blend are included in the 
Supporting Information. To our knowledge, this is the fi rst-ever 
report of  n -heptane droplets rolling off from a surface at such 
low tilt angles. 

 In order to systematically study the infl uence of the coarser 
length scale texture on the contact angle hysteresis, we prepared 
different hierarchically structured surfaces with increasing 
mesh spacing ratio  D   ∗    fi ber   ( Figures   3 a–d). As  D   ∗    fi ber   increases, 
the solid-liquid contact area decreases (or the fraction of air 
trapped underneath the liquid droplet increases). Consequently, 
the apparent contact angles increase, the contact angle hys-
teresis decreases (Figure  3 e), and the roll-off angles decrease 
(Figure  3 f) with increasing  D   ∗    fi ber  . Indeed, for  D   ∗    fi ber    =  1.9, we 
obtain   θ    ∗    oil ,  adv    =  160 ° ,  Δ   θ    ∗    oil    =  3 ° , and   ω   ≤ 2 °  for  n -heptane. The 
exceptionally low values of contact angle hysteresis and roll-off 
angles for liquids, such as  n -heptane, illustrate the uniqueness 
of our hierarchically structured surfaces. These results are par-
ticularly interesting given that the 50 wt% fl uorodecyl POSS  +  
PMMA blend used to fabricate our superoleophobic surfaces is 
© 2012 WILEY-VCH Verlag GmAdv. Mater. 2012, 24, 5838–5843
inherently  oleophilic , i.e., it possesses a Young’s contact angle 
signifi cantly less than 90 °  for  n -heptane (  θ  adv    =  61 °  and   θ  rec   
 =  38 ° ; see Supporting Information, Section 1). At very high 
values of  D   ∗    fi ber  , however, the surface can no longer support the 
contacting liquid in the Cassie–Baxter state because the value of 
the robustness factor  A   ∗    hierarchical   decreases rapidly. For example, 
when  D   ∗    fi ber    =  2.5,  n -heptane ( A   ∗    hierarchical    =  1.8) breaks through 
and shows a very low apparent contact angle. Figure  3 g shows 
the breakthrough pressure,  P breakthrough ,  as a function  D   ∗    fi ber   for 
both  n -heptane and  n -hexadecane. It is evident that the experi-
mentally measured values match reasonably well with those 
predicted using  Equation (5) .  

 When a liquid droplet of density   ρ   is dropped under gravity 
from a height  h , it impacts the solid surface with a hydrostatic 
pressure  P applied    =    ρ gh . We observed that essentially all liquid 
droplets with surface tension   γ  lv    ≥  20.1 mN m  − 1  impacting our 
hierarchical surface bounced back, as long as  P applied    <   P breakthrough  . 
When 2  μ L  n -heptane droplets (radius  ≈  0.8 mm) were dropped 
on the hierarchically structured surface (with  P breakthrough    =  34 Pa) 
from a height  h   =  3 mm ( P applied    =  20.1 Pa) above the surface, 
they bounced at least four times before rolling off from the sur-
face ( Figure    4  ). This indicates that liquids, such as  n -heptane 
(with   θ  oil    <  <  90 ° ), form a robust metastable Cassie–Baxter state 
on our hierarchically structured surfaces, as parameterized by 
the high values of  P breakthrough  . The coeffi cient of restitution for 
the bounce was as high as 0.86 and 0.92 for  n -hexadecane and 
 n -heptane, respectively. This further affi rms the ultralow con-
tact angle hysteresis of our surfaces. To our knowledge, this is 
the fi rst-ever report of a superoleophobic surface that allows 
even extremely low surface tension liquids, such as  n -heptane, 
5841wileyonlinelibrary.combH & Co. KGaA, Weinheim
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     Figure  4 .     A series of snapshots showing a 2  μ L  n -heptane droplet bouncing on a hierarchically 
structured surface (stainless steel mesh 70 uniformly coated with electrospun microbeads of 
50 wt% fl uorodecyl POSS  +  PMMA blend) that is tilted 2 °  relative to the horizontal plane. The 
droplet was dropped from a height  h   =  3 mm above the surface, i.e., the impact velocity is 
0.24 m s  − 1 . The droplet bounces four times before rolling off from the surface (also see Movie S4).  
to bounce back. Videos illustrating the bouncing of two low sur-
face tension liquids,  n -hexadecane (Movie S3) and  n -heptane 
(Movie S4), are included in the Supporting Information. It is 
evident from the movies that the deformation in the shape of 
the  n -heptane droplet during bouncing is signifi cantly greater 
than that for the  n -hexadecane droplet. This is because of the 
lower surface tension and lower viscosity of  n -heptane when 
compared with  n -hexadecane. [  43  ]   

 The mechanical durability of different superoleophobic sur-
faces is critical for their commercial application. Developing 
durable superoleophobic surfaces has thus far been a signifi -
cant challenge. While our hierarchical superoleophobic surfaces 
retain their superoleophobicity when exposed to harsh environ-
ments such as ozone or 254 nm UV light, their mechanical 
durability still needs to be improved. One way of potentially 
improving the mechanical durability of our hierarchical struc-
tures is to anneal the surfaces above the glass transition tem-
perature of PMMA. Our experiments show that such thermal 
annealing improves the adhesion of the electrospun coatings to 
the underlying substrate and also creates a robust connected net-
work. However, such an annealing step needs to be optimized 
so that the robust connected network is not realized at the cost 
of reducing the porosity of the hierarchical structure, which can 
signifi cantly reduce the observed apparent contact angles. 

 In conclusion, we have developed a simple, single-step tech-
nique, based on electrospinning microbeads onto textured 
surfaces, to develop re-entrant, hierarchically structured, supe-
roleophobic surfaces. We demonstrate that we can tune the 
contact angle hysteresis on these hierarchical surfaces by sys-
tematically varying the interfeature spacing for both the coarser 
length scale and the fi ner length scale features. The low surface 
energy and the signifi cantly reduced solid-liquid contact area 
allow our hierarchically structured surfaces to exhibit ultralow 
contact angle hysteresis even for extremely low surface tension 
liquids such as  n -heptane (with   θ  oil    <  90 ° ). This ultralow contact 
angle hysteresis allows, for the fi rst time, droplets of essentially 
2 wileyonlinelibrary.com © 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Wein
any contacting liquid, including  n -heptane, 
to easily roll-off (roll-off angles   ω   ≤ 2 ° ) and 
bounce on our surfaces. This result is par-
ticularly interesting given that the materials 
used to fabricate the superoleophobic sur-
faces are inherently oleophilic.  

 Experimental Section 
  Electrospinning, Dip-coating and Spin-coating:  

5 mg mL  − 1  solutions of 50 wt% 1H,1H,2H,2H-
heptadecafl uorodecyl polyhedral oligomeric 
silsequioxane (fl uorodecyl POSS)  [  15  ]   +  poly-
(methylmethacrylate) (PMMA,  M w    ≈  35 000 g mol− 1) 
were prepared in Asahiklin 225 (AK225, Asahi Glass 
Co.) only, as well as, in mixtures of AK225 with 5, 
10, and 15 vol% dimethyl formamide (DMF). The 
solutions were electrospun using a custom-built 
apparatus, at a fl ow rate, voltage and plate-to-
plate distance of 30 mL min  − 1 , 15 kV and 25 cm, 
respectively. Hierarchically structured surfaces were 
prepared by electrospinning the 50 wt% fl uorodecyl 
POSS  +  PMMA solutions in AK225 with 5 vol% DMF 
onto stainless steel wire meshes (McMaster Carr) of 
mesh sizes 300, 100, 70, 60, and 50. Surfaces with texture on the fi ner 
length scale only were prepared by electrospinning each of the 50 wt% 
fl uorodecyl POSS  +  PMMA solutions onto silicon wafers. Surfaces with 
the coarser length scale texture only were prepared by dip-coating the 
stainless steel wire meshes with the 50 wt% fl uorodecyl POSS  +  PMMA 
solutions in AK225 for 10 min and subsequently drying in air. Nontextured 
surfaces were prepared by spin-coating silicon wafers with 50 wt% 
fl uorodecyl POSS  +  PMMA solutions of AK-225 at 1500 RPM for 30 s. We 
used the Owens-Wendt approach [  44  ]  to estimate the solid surface energy. 

  Contact Angle and Roll-off Angle Measurements:  The contact angle 
and roll-off angle measurements were conducted using a Ramé-Hart 
200-F1 goniometer. The contact angles were measured by advancing or 
receding a small volume of liquid ( ≈  2  μ L) onto the surface using a 2 
mL micrometer syringe (Gilmont). The roll-off angles were measured by 
tilting the stage until the ( ≈  2  μ L) droplet rolled off from the surface. 
At least six measurements were performed on each surface. The errors 
in contact angle and roll-off angle measurements were  ± 1 °  and  ± 0.5 ° , 
respectively. We used  Equation (1) ,  (2) ,  (4) , and   (5)  in conjunction 
with the contact angle measurements on nontextured substrates (see 
Supporting Information, Section 1) to estimate  D   ∗    fi ber  ,  D   ∗    particle  ,  A   ∗    fi ber  , 
and  A   ∗    particle ,  respectively. 

  Microscopy:  The surfaces were imaged using a Philips XL30 scanning 
electron microscope (SEM) at 5 kV. We obtained the average size of 
the electrospun microbeads ( R particle    ≈  10  μ m in Figure  1 a and  R particle   
 ≈  6.7  μ m in Figure  1 b) using image analysis with ImageJ. Vicinity of the 
contact line was imaged using a PDMS (resin:hardener ratio was 10:1) 
droplet that was cross-linked at 70  ° C for 2 h on top of the hierarchically 
textured superoleophobic surface. [  45  ]  

  Breakthrough Pressure:  Breakthrough pressure was measured using a 
custom-built apparatus with the hierarchical surface sandwiched between 
two glass tubes. The upper tube was fi lled with a liquid column until the 
liquid breaksthrough the surface and permeates into the lower tube. The 
hydrostatic pressure corresponding to the maximum liquid column height 
that the surface withstands is reported as the breakthrough pressure. 

  Bouncing Droplet Imaging:  High-speed movies were obtained using a 
Fastec Hispec1 camera at 2000 frames per second.   

 Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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