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Droplet depinning on superhydrophobic surfaces is pervasive in nature and critical to many applications and hence
has been studied extensively over the past few decades. A consensus has been reached that the droplet depinning
force mainly stems from the synergistic dynamics of the three-phase contact line and the liquid–vapor interface.
Nevertheless, the aforementioned conclusions were made using simple (pure water) droplets depinning on rigid
superhydrophobic surfaces, denoted as simple rigid wetting, where the main influencing factors are liquid–vapor
interfacial tension, surface texture geometry and material wettability. In recent years, an increasing amount of
attention has been paid to complex soft wetting, where liquid physiochemical properties (e.g. viscoelasticity) and
solid surface rigidity play an important role. To encourage the investigation of complex soft wetting, in this
perspective, depinning of simple droplets on soft surfaces and depinning of viscoelastic droplets on rigid surfaces are
briefly introduced. Then, possible factors that affect viscoelastic droplet depinning on soft superhydrophobic surfaces
are discussed. Moreover, applications that are highly relevant to complex soft wetting are introduced.
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Notation
a a molecule size that is approximated to be 1 nm
Ca capillary number
d pillar diameter
E Young’s modulus of a beam (pillar)
F depinning force
G shear modulus of a soft substrate
h pillar height
k spring constant of a beam (pillar)
l characteristic size of a wetting ridge
lc characteristic length of a viscoelastic fluid
PCL energy per second consumed by contact line sliding
PEB energy per second stored in the elastic liquid bridge
PLV energy per second stored in the liquid–vapor interface
PPD energy per second stored in the deflected pillar
PVis energy per second consumed by viscous dissipation

near the contact line
PWR energy per second consumed by the motion of the

wetting ridge
R droplet radius
tc characteristic time of a viscoelastic fluid
v contact line speed
Wi Weissenberg number
gLV liquid–vapor interfacial tension
qa advancing contact angle
qr receding contact angle
m liquid viscosity
ded from http://ftp.nowpublishers.com/jsuin/article-pdf/10/6/373/367225
1. Introduction
Droplet depinning on superhydrophobic surfaces can be
ubiquitously found in nature. The most known example is the
lotus leaves, where droplets partially wet the surface structures
and can easily roll off. This wetting state is referred to as the
Cassie–Baxter state,1 resulting from the combined effects of the
discrete micro-/nanostructures and the poor-wettable material
properties.2 Superhydrophobic surfaces have demonstrated
numerous applications ranging from energy, petroleum and
printing to biotechnology, such as heat-transfer enhancement, drag
reduction, anti-icing and oil/water separation, to name a few.3–6

The efficacy of those applications depends on the extent to which
a droplet is pinned on a solid substrate. Hence, extensive attention
has been paid to understand the fundamental correlation between
the droplet depinning force and the surface characteristics – for
example, surface texture geometry and intrinsic wettability. More
details can be found in many reviews.2,7–15

Distinctly, this perspective aims to point out possible factors that
influence droplet depinning, which have been neglected because prior
studies were mostly conducted using pure-water droplets depinning
on rigid substrates – that is, simple rigid wetting. There is an
increasing need for flexible electronic devices, whose surface self-
cleaning functionality and liquid cooling systems involve droplet
depinning on soft surfaces. The local (wetting ridge16) and global
(pillar deflection17–19) deformations of the soft substrate significantly
alter the morphology and dynamics of the three-phase contact line,
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but the correlation between surface rigidity and droplet depinning
force remains vague. Moreover, although the literal meaning of
superhydrophobic surfaces is repellence to ‘water’, from a practical
point of view, such surfaces should be required to repel a large
variety of liquids – for example, viscoelastic fluids. However, droplet
physiochemical properties such as viscoelasticity were rarely
considered in the analysis of droplet depinning force.

Therefore, in this perspective, the fundamentals of simple rigid
wetting are briefly iterated. Then, fundamentals regarding droplet
depinning on planar soft surfaces, droplet depinning on pillared
soft surfaces and depinning of viscoelastic droplets on rigid
pillared substrates are introduced with an outlook on how surface
elasticity and liquid viscoelasticity affect the droplet depinning
force – that is, complex soft wetting. At last, real-time droplet
manipulation, whose efficacy highly relies on the fundamentals of
complex soft wetting, is discussed.

2. Simple rigid wetting
Taking a water droplet receding on a pillared superhydrophobic
substrate as an example (Figure 1), from a microscopic perspective,
the droplet is not strictly pinned, and its motion involves the sliding
of a microscopic contact line on pillar tops and the distortion of the
liquid–vapor interface in between adjacent pillars.20,21 Either
the sliding of contact line over the entire pillar top or the rupture of
the liquid–vapor interface (in a shape of a capillary bridge) leads
to the apparent depinning of the droplet boundary (the boundary
jumps from one array of pillars to the other). This apparent depinning
determines the apparent receding contact angle and the droplet
depinning force (F). Contact line sliding and liquid–vapor interface
distortion coexist, and F stems from the energy per second (power)
stored in the distorting liquid–vapor interface (PLV), the energy
consumed by the sliding of the microscopic contact line that involves
the exchange of liquid–solid and solid–vapor interfaces (PCL),

14 and
the viscous dissipation near the moving contact line (PVis),

22 as

Fv ¼ PCL þ PLV þ PVis1.

In the quasistatic regime, PVis is significantly smaller than the first
two terms (capillary number Ca = mv/gLV ≪ 1, where m is dynamic
374
viscosity, v is the speed of the microscopic contact line and gLV is the
liquid–vapor interfacial tension) and hence can be neglected. The
pillar top is a locally smooth surface, and hence, PCL is approximated
to be the apparent depinning force per unit length of the contact line,
gLV(cos qr − cos qa), multiplying the rate at which an area is being
slid by a contact line. PLV involves a complicated three-dimensional
evolution of the liquid–vapor interface and hence is typically
simplified as a stretched spring,23,24 where the spring constant is a
function of gLV (m is ignored) and a numerical factor depending on
surface texture geometry.

3. Droplet depinning on planar soft
substrates

As shown in Figure 2(a), gLV can deform a substrate with a shear
modulus of G by pulling the substrate upward,16,25–27 and the size
of deformation (l, denoted as the wetting ridge) scales as

l ~
gLV
G2.

For a rigid substrate, l is smaller than a molecule (a ≈ 1 nm), and
hence, the wetting ridge can be neglected. When a ≪ l ≪ R (where
R is the droplet size), the wetting ridge affects the dynamics of the
contact line as well as the depinning force. When a ≪ R £ l, the
wetting ridge even affects the droplet macroscopic shape. The contact
line sliding is accompanied by the motion of the wetting ridge, which
consumes energy (PWR) and hence retards the contact line.16 Various
studies have reported that the decrease in surface rigidity leads to the
enhanced droplet pinning.28–31 The energy being consumed depends
on the shape of the wetting ridge, and therefore, many investigations
have been conducted to understand the evolution and the equilibrium
shape of the wetting ridge.25–27 However, a quantitative correlation
between droplet depinning force and substrate rigidity is yet to be
established.

4. Droplet depinning on pillared soft
substrates

Different from a planar soft substrate, where only the wetting
ridge occurs, soft pillars allow both the wetting ridge on pillar
tops and the global deflection of a pillar,17,19,32 as shown in
(a) (b) (c) (d)

Rigid
pillar

Contact
line
sliding

L–V
interface
distortion

Liquid-
bridge
rupture

Liquid
residue

Figure 1. Schematics of a droplet receding on a rigid, pillared superhydrophobic surface. The receding process involves a sliding of
contact line and a distortion of liquid–vapor (L–V) interface
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Figure 2(b). The pillar deflection stores energy (PPD), which
affects the droplet depinning. This energy can be approximated
using the small deflection assumption of a beam (pillar) with a
spring constant (k) of

k ≈
3pE
64

d4

h33.

where E is the Young’s modulus of the substrate material and d and
h are the pillar diameter and height, respectively. Few studies have
investigated the droplet depinning characteristics on pillared soft
superhydrophobic substrates, but an agreement in results has not
been achieved. For example, Chuang et al.28 allowed droplets to
evaporate on soft pillars and reported that the apparent receding
contact angles decrease with the decrease in the substrate Young’s
modulus. A smaller receding contact angle typically represents a
more significant pinning. Moreover, Coux and Kolinski32 measured
the tilt angle (or sliding angle) of glycerol droplets on planar and
pillared soft substrates. They reported that the droplet sliding angle
(the larger the sliding angle, the greater the depinning force) on
pillared soft substrates is larger than that on planar soft substrates. In
contrast, it should be noted that the decoration of rigid pillars on a
planar substrate typically decreases the droplet pinning.2 Therefore,
those two studies suggest that the deflection of soft pillars enhances
the droplet pinning. However, Papadopoulos et al.17 reported that the
apparent receding contact angles increase with a decrease in Young’s
modulus, indicating that the pillar deflection mitigates the droplet
pinning. Besides to the disagreement between experimental results, a
quantitative model that correlates the mechanical properties of the
pillar and the droplet depinning force remains lacking.

5. Depinning of viscoelastic droplets on
pillared substrates

Because of the broad applications of superhydrophobic surfaces,
the liquids being repelled are not only water but also viscoelastic

ded from http://ftp.nowpublishers.com/jsuin/article-pdf/10/6/373/367225
fluids (e.g. blood). Viscoelastic fluids exhibit behaviors of both
viscous fluids and elastic solids. Typically, a viscoelastic fluid
behaves more like an elastic solid as the shear rate (v/lc) increases,
characterized by the Weissenberg number as
Wi ¼ elastic force

viscous force
¼ v

lc
� tc

4.

where lc and tc are the characteristic length and time of the
viscoelastic fluid, respectively. tc can be defined based on the
storage and loss modulus of the fluid.

As mentioned in prior paragraphs, different from planar substrates,
the rupture of a capillary liquid bridge uniquely occurs on pillared
superhydrophobic surfaces (Figure 1(c)). Xu et al.33 measured the
sliding speeds of viscoelastic droplets and pure viscous droplets
(their viscosities are identical) on an inclined pillared
superhydrophobic surface. The results showed that the sliding
speeds of viscoelastic droplets are significantly smaller (by ~85%
reduction) than that of the viscous counterpart. In contrast, when
the authors repeated the experiments on planar surfaces, the speeds
of viscoelastic and viscous droplets were similar. This is because on
planar surfaces, where bridge rupture does not occur, the droplet
speeds are determined only by the competition among viscous,
gravitational and retentive (adhesion) forces. On pillared surfaces,
the droplet motion uniquely involves the stretching of capillary
bridges, which exhibit elastic behavior as the characteristic length
of a bridge (lc) is quite small (please refer to Equation 4). This
leads to an elastic energy (PEB) stored in the stretching bridge,
which delays the bridge rupture and enhances the droplet pinning.
This elastic energy depends on the pillar shape, the liquid
viscoelasticity and the droplet speed. Due to its complexity, this
energy has not yet been quantified, leaving the viscoelastic droplet
depinning on superhydrophobic surfaces unpredictable.
(a) (b)
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Figure 2. (a) Schematic diagram of surface deformation (wetting ridge) of a planar soft surface; (b) schematic diagram of surface
deformation and the energy that contributes to droplet depinning on a pillared soft superhydrophobic surface
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6. Depinning of viscoelastic droplets on soft
superhydrophobic surfaces

To sum up, the energy consumed by the wetting ridge, the energy
stored in the deflecting pillar and the energy stored in the elastic
bridge should collectively affect the depinning force of viscoelastic
droplets on soft superhydrophobic surfaces (Figure 2(b)), given as
PCL≈

5.

Contact line

motion

   

F·v PLV PWR PPD PVis PEB

Pillar

deflection

L–V

interface distortion

Energy from

wetting

Energy from

soft substrate

Energy from

viscoelastic liquid
where PCL (CL: contact line) and PLV (LV: liquid–vapor interface)
are wetting energy considered in most wetting systems, PWR

(WR: wetting ridge) and PPD (PD: pillar deflection) are energy
unique to soft substrates and PVis (Vis: viscous dissipation) and
PEB (EB: elastic bridge) are energy stemming from the droplet
inside (viscoelastic fluid). PCL, PWR and PVis result from the
motion of a contact line, PLV and PEB result from the distortion of
the liquid–vapor interface and PPD results from the deflection of a
pillar. To understand the droplet depinning force in complex soft
376
wetting, approximations of those terms and their contribution
ratios should be examined in future studies.

7. Applications in real-time droplet
manipulation

Equation 5 is instructive to various applications. Taking pillars
containing magnetic particles as an example, the pillars deflect
following the magnetic field lines, and this deflection changes
how the droplet interacts with pillars (Figures 3(a) and 3(b)).
Typically, the depinning force is smaller in the direction that
follows the pillar deflection.34 When the substrate is subjected to
a vertical vibration, the droplet undergoes a periodic advancing
and receding motion.35–37 Thanks to the asymmetricity in droplet
depinning force, the contact line recedes more easily in the
direction following the pillar deflection, and therefore, this
periodic motion leads to droplet directional transport (Figures 3(c)
and 3(d)). The droplet can be directed to a different direction by
changing the magnetic field direction at any time.38 This allows
real-time droplet manipulation in any direction, which has broad
applications, particularly in microfluidics and biomedical devices.
However, the droplet speed has not yet been correlated with the
surface characteristics because many factors are coupled. For
example, if a pillar can be deflected by the magnetic field, its
deflection associated with the liquid–vapor interfacial tension and
the inertia in vibration should also be considered. Moreover,
microfluidics for biotechnology applications commonly involves
viscoelastic liquids. Therefore, the understanding of viscoelastic
(a)

Pillar containing

(d)(c)

(b)

iron particles

Larger

Smaller

Magnet

Directional
  transport

Stage
vibration

Depinning force

Depinning force

Figure 3. Schematic diagram of a droplet on soft pillar arrays that contain iron particles (a) without and (b) with a magnetic field;
(c, d) schematic diagram of droplet directional transport on soft pillar arrays under a magnetic field and a vertical vibration
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droplets depinning on soft superhydrophobic surfaces provides
guidelines to various applications, particularly real-time droplet
manipulation for microfluidic applications.

8. Summary
Depinning of water droplets on rigid superhydrophobic surfaces –

that is, simple rigid wetting – has been investigated extensively over
the past few decades. Due to an increasing need for soft
superhydrophobic surfaces and viscoelastic (complex fluids) working
environments, attention has been increasingly paid to complex soft
wetting, where the subject of interest is viscoelastic droplets on soft
superhydrophobic surfaces. This perspective discusses the
fundamentals of how surface rigidity and liquid viscoelasticity affect
droplet depinning on soft superhydrophobic surfaces. For substrate
rigidity, the wetting ridge and the pillar deflection affect the droplet
depinning. For liquid viscoelasticity, the stretching of the elastic
liquid bridge also affects the droplet depinning. Nevertheless, the
effects of surface rigidity and liquid viscoelasticity on droplet
depinning force have not yet been quantitatively examined. This is
because visualization and estimation of the microscopic contact line
dynamics, surface deformation and the liquid–vapor interface
evolution are difficult. Future studies should address the
aforementioned issues by measuring the apparent depinning force
and visualizing the microscopic dynamics simultaneously.

This perspective introduces few sources that contribute to the
complex soft wetting system. However, some factors affecting droplet
depinning are not covered – for example, particles inside a droplet
(particle-laden droplets), particles surrounding a droplet (liquid
marbles), surfactants and the coupling of dissolutions or reactions. For
example, the solid substrate may dissolve into the droplet, where the
substrate shape, contact line dynamics and the liquid properties are
changing dynamically.39–41 Further studies are encouraged to examine
this interesting problem, where wetting phenomena, solid mechanics,
fluid dynamics and chemical reactions are coupled.

Acknowledgement
This work is partially supported by Basic and Applied Basic
Research Foundation of Guangdong Province (China) Numbers
2021A1515110184, 2021B0301030005 and 2022A1515011214.

REFERENCES
1. Cassie ABD and Baxter S (1944) Wettability of porous surfaces.

Transactions of the Faraday Society 40: 546–551, https://doi.org/10.
1039/TF9444000546.

2. Jiang Y and Choi CH (2021) Droplet retention on superhydrophobic
surfaces: a critical review. Advanced Materials Interfaces 8(2): article
2001205, https://doi.org/10.1002/admi.202001205.

3. Choi CH and Kim CJ (2006) Large slip of aqueous liquid flow over a
nanoengineered superhydrophobic surface. Physical Review Letters
96(6): article 066001, https://doi.org/10.1103/PhysRevLett.96.066001.

4. Cao L, Jones AK, Sikka VK, Wu J and Gao D (2009) Anti-icing
superhydrophobic coatings. Langmuir 25(21): 12444–12448, https://
doi.org/10.1021/la902882b.

5. Wiedenheft KF, Guo HA, Qu X et al. (2017) Hotspot cooling with
jumping-drop vapor chambers. Applied Physics Letters 110(14):
article 141601, https://doi.org/10.1063/1.4979477.
ded from http://ftp.nowpublishers.com/jsuin/article-pdf/10/6/373/367225
6. Miljkovic N, Enright R and Wang EN (2012) Effect of droplet
morphology on growth dynamics and heat transfer during
condensation on superhydrophobic nanostructured surfaces. ACS
Nano 6(2): 1776–1785, https://doi.org/10.1021/nn205052a.

7. Quéré D (2008) Wetting and roughness. Annual Review of Materials
Science 38(1): 71–99, https://doi.org/10.1146/annurev.matsci.38.
060407.132434.

8. Roach P, Shirtcliffe NJ and Newton MI (2008) Progress in
superhydrophobic surface development. Soft Matter 4(2): 224–240,
https://doi.org/10.1039/B712575P.

9. de Gennes PG (1985) Wetting: statics and dynamics. Reviews of Modern
Physics 57(3): 827–863, https://doi.org/10.1103/RevModPhys.57.827.

10. Butt HJ, Semprebon C, Papadopoulos P et al. (2013) Design
principles for superamphiphobic surfaces. Soft Matter 9(2): 418–428,
https://doi.org/10.1039/C2SM27016A.

11. Drelich JW, Boinovich L, Chibowski E et al. (2020) Contact angles:
history of over 200 years of open questions. Surface Innovations
8(1–2): 3–27, https://doi.org/10.1680/jsuin.19.00007.

12. Chen L, Bonaccurso E, Gambaryan-Roisman T et al. (2018) Static and
dynamic wetting of soft substrates. Current Opinion in Colloid &
Interface Science 36: 46–57, https://doi.org/10.1016/j.cocis.2017.12.
001.

13. Marmur A, Della Volpe C, Siboni S, Amirfazli A and Drelich JW (2017)
Contact angles and wettability: towards common and accurate
terminology. Surface Innovations 5(1): 3–8, https://doi.org/10.1680/
jsuin.17.00002.

14. Tadmor R (2021) Open problems in wetting phenomena: pinning
retention forces. Langmuir 37(21): 6357–6372, https://doi.org/10.
1021/acs.langmuir.0c02768.

15. Feldmann D, Das R and Pinchasik BE (2021) How can interfacial
phenomena in nature inspire smaller robots. Advanced Materials
Interfaces 8(1): article 2001300, https://doi.org/10.1002/admi.
202001300.

16. Carré A, Gastel JC and Shanahan MER (1996) Viscoelastic effects in
the spreading of liquids. Nature 379: 432–434, https://doi.org/10.
1038/379432a0.

17. Papadopoulos P, Pinchasik BE, Tress M et al. (2018) Wetting of soft
superhydrophobic micropillar arrays. Soft Matter 14(36): 7429–7434,
https://doi.org/10.1039/C8SM01333K.

18. Yuan Q and Zhao YP (2013) Wetting on flexible hydrophilic pillar-
arrays. Scientific Reports 3(1): article 1944, https://doi.org/10.1038/
srep01944.

19. Dev AA, Dey R and Mugele F (2019) Behaviour of flexible
superhydrophobic striped surfaces during (electro-)wetting of a sessile
drop. Soft Matter 15(48): 9840–9848, https://doi.org/10.1039/
C9SM01663E.

20. Jiang Y, Xu W, Sarshar MA and Choi CH (2019) Generalized models
for advancing and receding contact angles of fakir droplets on pillared
and pored surfaces. Journal of Colloid and Interface Science 552:
359–371, https://doi.org/10.1016/j.jcis.2019.05.053.

21. Jiang Y, Sun Y, Drelich JW and Choi CH (2020) Topography-
dependent effective contact line in droplet depinning. Physical Review
Letters 125(18): article 184502, https://doi.org/10.1103/PhysRevLett.
125.184502.

22. Sarshar MA, Jiang Y, Xu W and Choi CH (2019) Depinning force of a
receding droplet on pillared superhydrophobic surfaces: analytical
models. Journal of Colloid and Interface Science 543: 122–129,
https://doi.org/10.1016/j.jcis.2019.02.042.

23. Reyssat M and Quéré D (2009) Contact angle hysteresis generated by
strong dilute defects. Journal of Physical Chemistry B 113(12):
3906–3909, https://doi.org/10.1021/jp8066876.

24. Butt HJ, Gao N, Papadopoulos P et al. (2017) Energy dissipation of
moving drops on superhydrophobic and superoleophobic surfaces.
Langmuir 33(1): 107–116, https://doi.org/10.1021/acs.langmuir.
6b03792.
377

9/jsuin_22_01010.pdf by guest on 23 May 2026

https://doi.org/10.1039/TF9444000546
https://doi.org/10.1039/TF9444000546
https://doi.org/10.1002/admi.202001205
https://doi.org/10.1103/PhysRevLett.96.066001
https://doi.org/10.1021/la902882b
https://doi.org/10.1021/la902882b
https://doi.org/10.1063/1.4979477
https://doi.org/10.1021/nn205052a
https://doi.org/10.1146/annurev.matsci.38.060407.132434
https://doi.org/10.1146/annurev.matsci.38.060407.132434
https://doi.org/10.1039/B712575P
https://doi.org/10.1103/RevModPhys.57.827
https://doi.org/10.1039/C2SM27016A
https://doi.org/10.1680/jsuin.19.00007
https://doi.org/10.1016/j.cocis.2017.12.001
https://doi.org/10.1016/j.cocis.2017.12.001
https://doi.org/10.1680/jsuin.17.00002
https://doi.org/10.1680/jsuin.17.00002
https://doi.org/10.1021/acs.langmuir.0c02768
https://doi.org/10.1021/acs.langmuir.0c02768
https://doi.org/10.1002/admi.202001300
https://doi.org/10.1002/admi.202001300
https://doi.org/10.1038/379432a0
https://doi.org/10.1038/379432a0
https://doi.org/10.1039/C8SM01333K
https://doi.org/10.1038/srep01944
https://doi.org/10.1038/srep01944
https://doi.org/10.1039/C9SM01663E
https://doi.org/10.1039/C9SM01663E
https://doi.org/10.1016/j.jcis.2019.05.053
https://doi.org/10.1103/PhysRevLett.125.184502
https://doi.org/10.1103/PhysRevLett.125.184502
https://doi.org/10.1016/j.jcis.2019.02.042
https://doi.org/10.1021/jp8066876
https://doi.org/10.1021/acs.langmuir.6b03792
https://doi.org/10.1021/acs.langmuir.6b03792


Surface Innovations
Volume 10 Issue 6

Droplet depinning on superhydrophobic
surfaces: from simple rigid wetting to
complex soft wetting
Jiang

Do
25. Bico J, Reyssat É and Roman B (2018) Elastocapillarity: when surface
tension deforms elastic solids. Annual Review of Fluid Mechanics
50(1): 629–659, https://doi.org/10.1146/annurev-fluid-122316-050130.

26. Andreotti B and Snoeijer JH (2020) Statics and dynamics of soft
wetting. Annual Review of Fluid Mechanics 52(1): 285–308, https://
doi.org/10.1146/annurev-fluid-010719-060147.

27. Liu JL and Feng XQ (2012) On elastocapillarity: a review. Acta
Mechanica Sinica 28(4): 928–940, https://doi.org/10.1007/s10409-
012-0131-6.

28. Chuang YC, Chu CK, Lin SY and Chen LJ (2014) Evaporation of water
droplets on soft patterned surfaces. Soft Matter 10(19): 3394–3403,
https://doi.org/10.1039/C3SM52719K.

29. Chen L, Auernhammer GK and Bonaccurso E (2011) Short time
wetting dynamics on soft surfaces. Soft Matter 7(19): 9084–9089,
https://doi.org/10.1039/C1SM05967J.

30. Chen L, Bonaccurso E and Shanahan MER (2013) Inertial to
viscoelastic transition in early drop spreading on soft surfaces.
Langmuir 29(6): 1893–1898, https://doi.org/10.1021/la3046862.

31. Kajiya T, Brunet P, Royon L et al. (2014) A liquid contact line
receding on a soft gel surface: dip-coating geometry investigation.
Soft Matter 10(44): 8888–8895, https://doi.org/10.1039/
C4SM01609B.

32. Coux M and Kolinski JM (2020) Surface textures suppress viscoelastic
braking on soft substrates. Proceedings of the National Academy of
Sciences of the United States of America 117(51): 32285–32292,
https://doi.org/10.1073/pnas.2008683117.

33. Xu H, Clarke A, Rothstein JP and Poole RJ (2018) Viscoelastic drops
moving on hydrophilic and superhydrophobic surfaces. Journal of
Colloid and Interface Science 513: 53–61, https://doi.org/10.1016/j.
jcis.2017.10.105.
378

wnloaded from http://ftp.nowpublishers.com/jsuin/article-pdf/10/6/373/36
34. Drotlef DM, Blümler P, Papadopoulos P and del Campo A (2014)
Magnetically actuated micropatterns for switchable wettability. ACS
Applied Materials & Interfaces 6(11): 8702–8707, https://doi.org/10.
1021/am5014776.

35. Mettu S and Chaudhury MK (2008) Motion of drops on a surface
induced by thermal gradient and vibration. Langmuir 24(19):
10833–10837, https://doi.org/10.1021/la801380s.

36. Duncombe TA, Erdem EY, Shastry A, Baskaran R and Böhringer KF (2012)
Controlling liquid drops with texture ratchets. Advanced Materials
24(12): 1545–1550, https://doi.org/10.1002/adma.201104446.

37. Jia Z, Lei W, Yang H and Wang G (2016) Dynamic wetting behavior
of vibrated droplets on a micropillared surface. Advances in Materials
Science and Engineering 2016: article 8409683, https://doi.org/10.
1155/2016/8409683.

38. Lin Y, Hu Z, Zhang M et al. (2018) Magnetically induced low
adhesive direction of nano/micropillar arrays for microdroplet
transport. Advanced Functional Materials 28(49): article 1800163,
https://doi.org/10.1002/adfm.201800163.

39. Yuan Q, Yang J, Sui Y and Zhao YP (2017) Dynamics of dissolutive
wetting: a molecular dynamics study. Langmuir 33(26): 6464–6470,
https://doi.org/10.1021/acs.langmuir.7b01154.

40. Yang J, Yuan Q and Zhao YP (2018) Evolution of the interfacial
shape in dissolutive wetting: coupling of wetting and dissolution.
International Journal of Heat and Mass Transfer 118: 201–207,
https://doi.org/10.1016/j.ijheatmasstransfer.2017.10.109.

41. Bain CD and Whitesides GM (1989) A study by contact angle of the
acid–base behavior of monolayers containing .omega.-
mercaptocarboxylic acids adsorbed on gold: an example of reactive
spreading. Langmuir 5(6): 1370–1378, https://doi.org/10.1021/
la00090a019.
How can you contribute?

To discuss this paper, please submit up to 500 words to the
journal office at journals@ice.org.uk. Your contribution will
be forwarded to the author(s) for a reply and, if considered
appropriate by the editor-in-chief, it will be published as a
discussion in a future issue of the journal.

ICE Science journals rely entirely on contributions from
the field of materials science and engineering. Information
about how to submit your paper online is available at
www.icevirtuallibrary.com/page/authors, where you will also
find detailed author guidelines.
72259/jsuin_22_01010.pdf by guest on 23 May 2026

https://doi.org/10.1146/annurev-fluid-122316-050130
https://doi.org/10.1146/annurev-fluid-010719-060147
https://doi.org/10.1146/annurev-fluid-010719-060147
https://doi.org/10.1007/s10409-012-0131-6
https://doi.org/10.1007/s10409-012-0131-6
https://doi.org/10.1039/C3SM52719K
https://doi.org/10.1039/C1SM05967J
https://doi.org/10.1021/la3046862
https://doi.org/10.1039/C4SM01609B
https://doi.org/10.1039/C4SM01609B
https://doi.org/10.1073/pnas.2008683117
https://doi.org/10.1016/j.jcis.2017.10.105
https://doi.org/10.1016/j.jcis.2017.10.105
https://doi.org/10.1021/am5014776
https://doi.org/10.1021/am5014776
https://doi.org/10.1021/la801380s
https://doi.org/10.1002/adma.201104446
https://doi.org/10.1155/2016/8409683
https://doi.org/10.1155/2016/8409683
https://doi.org/10.1002/adfm.201800163
https://doi.org/10.1021/acs.langmuir.7b01154
https://doi.org/10.1016/j.ijheatmasstransfer.2017.10.109
https://doi.org/10.1021/la00090a019
https://doi.org/10.1021/la00090a019


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedExtraBold
    /AbadiMT-CondensedLight
    /AndaleMono
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BernardMT-Condensed
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /Braggadocio
    /BritannicBold
    /BrushScriptMT
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CurlzMT
    /Desdemona
    /EdwardianScriptITC
    /EngraversMT
    /EngraversMT-Bold
    /EurostileBold
    /EurostileRegular
    /FootlightMTLight
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans-UltraBold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /Gulim
    /Haettenschweiler
    /Harrington
    /Impact
    /ImprintMT-Shadow
    /KinoMT
    /LatinWide
    /LucidaBlackletter
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /MaturaMTScriptCapitals
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /Onyx
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanOsF
    /Sabon-RomanSC
    /SimSun
    /Stencil
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Universal-GreekwithMathPi
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings
    /Wingdings2
    /Wingdings3
  ]
  /NeverEmbed [ true
    /Arial-BlackItalic
    /ArialUnicodeMS
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /LucidaConsole
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    28.51654
    28.51654
    28.31811
    28.31811
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Sheridan'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


