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The application of Cassie equation to microscopic droplets is recently under intense debate because the
microdroplet dimension is often of the same order of magnitude as the characteristic size of substrate
heterogeneities, and the mechanism to describe the contact angle of microdroplets is not clear. By
representing real surfaces statistically as an ensemble of patterned surfaces with randomly or regularly
distributed heterogeneities (patches), lattice Boltzmann simulations here show that the contact angle of
microdroplets has a wide distribution, either continuous or discrete, depending on the patch size. The origin
of multiple contact angles observed is ascribed to the contact line pinning effect induced by substrate
heterogeneities. We demonstrate that the local feature of substrate structure near the contact line
determines the range of contact angles that can be stabilized, while the certain contact angle observed is
closely related to the contact line width.

T
he contact angle of droplets provides a measure of wettability of the substrate on which they sit, and indicates
whether the wetting of the substrate is favorable or not. For perfectly smooth substrates Young equation is
extensively used to compute the contact angle. But far from the ideal situation, real substrates are usually

featured by physical roughness and/or chemical heterogeneities. In those cases, Young equation no longer works,
and instead the Cassie model1 or Wenzel model2 is extensively used to calculate the contact angle. The Cassie
model describes how the apparent contact angle is determined by the area of solid-liquid contact when a droplet is
placed at the top of heterogeneous solid surfaces. In the Cassie model, the apparent contact angle for droplets on
smooth substrates can be calculated from cosh 5 f cosh1,Y 1 (1 2 f)cosh2,Y, in which f is the ratio of liquid-solid
contact area over the total projected contact area, and h1,Y and h2,Y are the Young contact angle for droplets on the
chemically homogeneous substrate composed of component 1 and that composed of component 2, respectively.
As demonstrated experimentally, the contact angle of macroscopic liquid drops sitting on a heterogeneous surface
could be successfully described by the Cassie model3–14.

However, the application of Cassie equation to microscopic droplets was recently under intense debate13–18.
Extrand15 suggested that if the size of drops is greater than the diameter of chemically heterogeneities, the contact
angle is determined by the interactions at the contact line, rather than the contact area as suggested by the Cassie
equation. Gao et al16 also demonstrated that for certain situations contact angles have no relation with the surface
heterogeneities far from three-phase contact line. Theoretical treatment also argued that the apparent contact
angle is governed by the area of the surface adjacent to the triple contact line17. But McHale19 argued that the two
experiments mentioned above fail to consider the limitation of the Cassie equation. Those experimental and
theoretical studies invoked a number of studies, and two assumptions under which the Cassie equation can apply
were then recognized20,21, namely, (i) the droplet size is sufficiently large compared with the typical size of
roughness or the chemical heterogeneity, and (ii) the physical roughness and chemical heterogeneity should
be uniformly distributed on the substrate.

Aforementioned studies demonstrate that the Cassie equation is no longer valid if the dimension of droplet is of
the same order of magnitude as the characteristic size of substrate heterogeneities. On the other hand, the rapid
development and miniaturization of microfluidic devices and lab-on-a-chip systems involve small liquid droplets
with a size down to micro- and nanoscale22. Therefore, the basic mechanism to describe how the contact angle23 of
microdroplets is determined remains unclear.
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Nowadays, computer simulation techniques have become power-
ful tools to explore the molecular details of wetting behaviors. For
nanodroplets composed of hundreds or thousands of liquid mole-
cules, atomistic simulations have been used to study their wetting
behaviors on heterogeneous/rough substrates24–27. For microscopic
droplets studied here, their size is beyond the scope of atomistic
computer simulations. Therefore, in this work the Shan-Chen (SC)
type lattice Boltzmann (LB) method28,29 based on D2Q9 model30 were
implemented to investigate how contact angle of microdroplets is
determined.

In our simulations, microdroplets in the shape of a rectangle (134
3 63), which is surrounded by a gaseous environment, was initially
placed on patterned substrates. The flat and chemically heterogen-
eous solid surface at the bottom of the simulation box comprises two
types of patches, for which the interaction of fluid with the patch of
one type is G1,s and that with the patch of the other type is G2,s. Here
the surface is denoted as (G1,s, G2,s). To resemble real surfaces on
which the pattern of different domains is not periodically ordered, we
also generated statistically patterned surfaces by obtaining an
ensemble of realizations of the surfaces with a random patch arrange-
ment. Note that for different realization of substrates, the ratio of the
number of different patches was always set to unity in this work. For
each realization of substrates, the angle and contact line were
obtained from LB calculations.

Results
Viability of the Cassie model to microdroplets. We first studied
under which conditions the Cassie model can apply for the micro-
droplets. It is now recognized that there exist two assumptions under
which the Cassie equation can apply for macroscopic droplets19,21. To
check the first assumption, namely the dimension of droplets should
be much larger than the typical domain size of the substrate
heterogeneity, we varied the size and spatial distribution of

different patches forming these chemically heterogeneous surfaces,
and the apparent contact angles of microdroplets from both the LB
simulation and the Cassie equation were compared.

First we considered the regular surface of (0.01, 0.18) made up of
two different patches alternatively (see, e.g., Figure 1c): the inter-
action of fluid with the patch of one type is set to G1,s 5 0.01 cor-
responding to a contact angle of 95.5u, and that with the patch of the
other type is set to G2,s 5 0.18 having a contact angle of 153.5u. Note
that in this work, the interface between the vapor and liquid phases is
defined as the locations with the local liquid density of 1.0. With the
obtained interface a circle hypothesis is then used to compute the
contact angle of microdroplets. Calculated apparent contact angles
for microdroplets on the regular surfaces is given in Figure 1a, which
shows that when the patch size of the chemical heterogeneity is
relatively small, the apparent contact angle from LB simulations
and that from the Cassie equation are in good agreement. But as
the patch size increases, the apparent contact angle from LB simu-
lation shows a strong oscillation, and increasingly deviates from that
of the Cassie equation.

We also simulated the contact angles of microdroplets on the
regular surface of (20.05, 0.18), for which G1,s 5 20.05 corresponds
to a contact angle of 75.0u for homogeneous surfaces. The simulation
results (see Figure 1b) again demonstrate that, when the dimension
of microdroplets is of the same order of magnitude as the character-
istic size of substrate heterogeneity, the Cassie equation may no
longer be valid13–18. We also performed another set of simulations
for the regular surfaces made up of two different patches, with G1,s 5

20.01 (corresponding to a contact angle of 85.2u) and G2,s 5 0.1
(corresponding to a contact angle of 121.6u). Similar simulation
results on contact angle (see Supplementary Figure S1 online) were
obtained.

We also checked the second assumption of Cassie equation, i.e.,
the surface heterogeneity should be regularly distributed, by con-

Figure 1 | Apparent contact angles for microdroplet on heterogeneous surfaces formed regularly by two different patches with the patch size Lp ranges
from 1 to 22. (a) the surfaces of (0.01, 0.18). In the figure the contact line width is also given as a function of Lp. (b) The surface of (20.05, 0.18). (c) shows

the typical configurations for microdroplets on the surface of (0.01, 0.18). From left to right, Lp is set to 3, 10, and 16, respectively, and the

corresponding apparent contact angles are 120.1u, 98.6u, and 95.4u. For the patterned substrates which are shown in the bottom of (c), the patches in green

represent the component of G2,s 5 0.18, and those in red color represent the component of G1,s 5 0.01.
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structing a series of random surfaces that contain two different
patches. The patch size varies from 1 to 8, and for each patch size
we constructed 45 different surfaces with a random patch distri-
bution. For each constructed surface an initial microdroplet of the
same size was places randomly. The apparent contact angles aver-
aged over the 45 independent simulation runs are shown in Figure 2.
Figure 2a and 2b show, respectively, the contact angle as a function of
patch size for the surfaces (0.01, 0.18) and for the surfaces (20.05,
0.18). Typical snapshots for microdroplets on the substrates of dif-
ferent patch size are given in Figure 2c. The figure indicates that as
the heterogeneity size decreases, the apparent contact angle differ-
ence between the LB simulation and the Cassie equation decreases.
When the domain size of substrate heterogeneity is sufficiently small,
for example at Lp 5 1, apparent contact angles from LB simulation
and those from Cassie equation are approximately the same.
Therefore, we gained a conclusion that is different from the previous
studies16: if droplet size is sufficiently larger than the typical patch size
of heterogeneous surfaces, the second assumption of the Cassie equa-
tion that requires the uniform distribution of surface heterogeneities
is not necessary.

Microdroplet contact angle shows a wide distribution. To find out
the origin for the difference between the averaged contact angle from
LB simulations and that from the Cassie equation, we analyzed in
more detail the obtained contact angles of microdroplets on random
patterned surfaces with Lp 5 2 and those with Lp 5 7. To obtain good
statistics, 133 independent LB runs were performed in the case of Lp

5 2, and 128 LB runs were performed for Lp 5 7. The averaged
contact angle is essentially the same as that from 45 independent
LB runs (see Figure 2a), indicating that 45 independent runs can give
reasonable statistics for the average contact angle. The distribution of
obtained contact angles is given in Figure 3. For the case with a patch

size of 2 (Lp 5 2), contact angles for microdroplets distribute
continuously from 100u to 140u (see Figure 3b), within the range
of contact angles between 95.5u for homogeneous surfaces of G1,s

5 0.01 and 153.5u for homogeneous surfaces of G2,s 5 0.18. For the
case with the patch size of 7, again the multiple contact angles were
found. But different from the case with Lp 5 2, contact angles in the
case of Lp 5 7 show a discontinuous distribution, and only 13 discrete
values of contact angles were obtained (Figure 3a).

Contact line pinning determines the metastable contact angle. The
origin of multiple contact angles can be simply ascribed to the effect
of contact line pinning. From a thermodynamic point of view, the
droplet can reach equilibrium at any position as long as the contact
line is pinning. In other words, the contact line pinning induces the
appearance of many free energy minima, in which the contact angle
with the lowest free energy minimum corresponds to the most stable
one and the others are metastable. Therefore, the contact angle that
has a largest distribution in Figure 3a and 3b can be identified as the
equilibrium contact angle, for which the droplet equilibrates with its
surrounding with a global free energy minimum31,32. The reason for
this is made clear by calculating the free energy landscape, which is
shown in Figure 3(c) and (d). Note that we determined the free
energy by computing the negative logarithm of the probability of
finding the contact angle for a given patch size (see Figure 3a and
3b). For the cases we studied, the most possible contact angle from LB
simulations obviously deviates from that of the Cassie equation (see
Figure 2).

The appearance of the discontinuous distribution of contact
angles is again due to contact line pinning. When the three-phase
contact line is pinned by the surface heterogeneity, the contact angle
adopts actually a value between 95.5u and 153.5u depending on the
perimeter of the contact line pinned, namely, the base radius in our

Figure 2 | Apparent contact angles of microdroplets on heterogeneous surfaces formed randomly by two different patches with the patch size ranging
from 1 to 8. (a) Apparent contact angles averaged over 45 independent runs for different surfaces of (0.01, 0.18). The hollow symbols represent the

corresponding apparent contact angles averaged over 133 runs for the situation with Lp 5 2 and that averaged over 128 runs for Lp 5 7. (b) Apparent

contact angles averaged over 45 independent runs for different surfaces of (20.05, 0.18). (c) shows typical configurations for microdroplets on the

surfaces of (0.01, 0.18). From left to right, the patch size is 1, 4, and 8, respectively, and the corresponding apparent contact angles are 119.4u, 131.1u, and

131.1u.
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work. The monotonic relation between contact angle and base radius
(Figure 3(e) and (f)) displays clearly that as the base radius increases,
the contact angle will decrease monotonously. It indicates that for a
given droplet, the metastable contact angle is dominated merely by
the microdroplet base radius as a result of the pinning effect, whether
or not there are substrate heterogeneities far from the contact line.

The base radius dependence of contact angles also reveals the
origin of the discrete distribution of contact angles in the case of Lp

5 7 (see Figure 3f). In this case base radius ranges from 10 Lp , 19 Lp,
and only finite number of base radii can be adopted due to the strong
pinning effects caused by the large patch size of 7. It is thus the
discrete values for base radius (Figure 3f) that results in the discrete
distribution of contact angles (Figure 3a). However, in the case of Lp

5 2, the small patch size weakens the pinning effect and thus the
depinning event would take place more frequently. This weakened

pinning effect leads to a significant increase of possible values of base
radii (Figure 3e) and thus nearly continuous distribution contact
angles (Figure 3b). Comparison of Figure 3c and Figure 3d also
indicates that the potential barrier for the contact line depinning
increases with the characteristic size of surface heterogeneity, i.e.,
Lp. Note that microdroplets in this work were formed by receding
from the initial droplets in shape of rectangle, and a stick-slip beha-
vior for droplet evolution similar to the evaporation of sessile
drops33,34 was observed.

Discussion
First, we tried to relate the pinning effect with the local feature of
substrate heterogeneity near the contact line. Gao et al16 suggested
that for certain situations the contact angle is solely determined by
the interaction of the liquid and solid near the contact line. Here our
simulation results confirm that the contact angle almost keeps
unchanged even the substrate heterogeneity far from the contact line
changes significantly (see Supplementary Figure S2 online). This
observation means that the local substrate structure of the contact
line influences the ability of the substrate to pin the contact line, and
thus affects the microdroplet contact angle. On the other hand, our
simulation results also indicate that even through the substrate struc-
ture near the triple contact line is identical, the contact angles may be
different, as demonstrated in Figure 4. For example, in the cases 2, 4,
and 5 of Figure 4, there exist different contact angles even through the
same substrate structure near the contact line is observed. The reason
of this observation is given below.

For a microdroplet with a contact angle different from the equi-
librium one, its contact line locates the boundaries between different
surface patches. The tendency of the contact angle approaching its
assumed equilibrium value on the relatively hydrophilic patch would
force the contact line to move towards the neighboring hydrophobic
patch, whereas the more hydrophobic patch will supply a braking
force (pinning force) against the contact line slip. As shown in our
previous work35, the same local substrate structure can provide a
range of pinning forces. If the pinning force required to stabilize a
microdroplet contact angle is within the range of pinning forces that
the substrate can provide, contact line pinning occurs. Otherwise, the
contact line moves and the contact angle changes. In general, the
local feature of substrate structure near the contact line determines
the threshold values of the pinning force that the substrate can pro-
vide, and thus a range of contact angles may be stabilized by the same
local structure (Figure 4).

More importantly, our simulation results show that the width of
contact line increases with the contact angle even though the sub-
strate structure near the contact line is the same. The contact line
width here were defined as the width of the region having a liquid
density from 0.5 to 1.0 as, with a density of 0.5 the equilibrium gas
density and 1.0 the droplet boundary. Several examples of density
profiles near contact lines for microdroplets are showed in Figure 5a,
which clear shows that three phase contact lines can in fact be defined
as a region with a finite width, rather than a geometric line as
expected. A microdroplet will be in a more stable state if its contact
line mostly stays at the hydrophilic patchs rather than at the hydro-
phobic ones, as in the case of h 5 116.9u. However, for the contact
angle far from the most stable one, such as h 5 149.5u (see Figure 5a),
the hydrophilic part alone fails to stabilize such a large contact angle,
and consequently, the neighboring hydrophobic part of the substrate
(patches with G2,s 5 0.18) has to provide a stronger pinning force to
prevent the contact line of the droplet from expansion, resulting in a
enlarged contact line width.

In fact, the calculated pinning force also demonstrates that the
required pinning force to stabilize a certain contact angle is closely
related to the contact line width (see Figure 5b). We calculated the
pinning force to pin the contact line with the following equation, f 5
cosh 2 coshe with the equilibrium contact angle he 5 112.4u accord-

Figure 3 | (a,b) Distribution of apparent contact angles for microdroplets

on substrates with randomly distributed heterogeneity: (a) the surfaces of

(0.01, 0.18) with Lp 5 7; (b) the surfaces of (0.01, 0.18) with Lp 5 2. (c, d)

The calculated free energy from the obtained contact angle distribution: (c)

Lp 5 7; (d) Lp 5 2. (e, f) The obtained base radius of microdroplets as a

function of contact angle: (e) Lp 5 2; (f) Lp 5 7.
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ing to Figure 3(a)–(d). Figure 5b indicates that the substrate has to
provide a stronger pinning force to stabilize a larger deviation of
contact angles from the equilibrium contact angle. Therefore, we
conclude that that in order to maintain a larger contact angle devi-
ation from the most stable one, a stronger pinning force exerted by
the substrate is required, which in turn results in a larger width of the
contact line.

Next, we turn to discuss whether the Cassie equation holds or not
for microdroplets, from aspect of contact line width. To simplify the
question, we focus on regular solid surfaces of (0.01, 0.18), for which
the corresponding contact angles are shown in Figure 1a. The calcu-

lated contact line width as a function of patch size is also given in
Figure 1a. The figure clearly indicates that two situations character-
ized by different contact line widths should be distinguished. When
the patch size is sufficiently small (the path size ranging from 1 to 3 in
Figure 1a), the heterogeneity of solid surfaces is not ‘seen’ by the
microdroplet contact line. In this case, the pinning effect vanishes,
and thus the contact angle is well described by the Cassie model (see
Figure 1a). Another situation is observed when the typical size of the
chemical heterogeneity is relatively larger (Lp . 3), and thus contact
line may be pinned by the heterogeneity. In this case the contact
angles for micropdroplets often deviate from the Cassie equation
(Figure 1a), and the deviation comes from the contact line pinning
effect.

Furthermore, the strong oscillation of the apparent contact angle
in Figure 1a can be interpreted by the change of contact line width
(Figure 1a), which strongly related to the pinning force (Figure 5).
For instance, when the patch size is set to 10, 16 and 20, the calculated
contact angles reach the local minima and consistently the local
maxima of the contact line width are observed (see Figure 1a).
This comparison indicates that a larger deviation of contact angles
from the Cassie equation requires a wider contact line, which in turn
provides a stronger pinning force to maintain the deviation. This
observation confirms that if and only the chemical heterogeneity is
sufficiently small so that the pinning effect vanishes, the Cassie equa-
tion accurately holds. Otherwise, the pinning effect, which is closely
related to the contact line width, results in the deviation of the contact
angle from the Cassie equation.

Finally, we investigated how the surface heterogeneity affects the
contact angle distribution of microdroplets. Our results indicate that
both the geometric (patch size) and chemical nature (Gs) of sub-
strates affects the distribution for contact angles of microdroplets.
First, our simulation results demonstrated that the patch size of
substrate heterogeneity influences the distribution of contact angles,
as indicated by Figure 3a and 3b. The figures show discrete and
continuous distributions of contact angles for microdroplets sitting
on substrates with Lp 5 2 and Lp 5 7, respectively. For the situation
of Lp 5 2, the substrate can only provide a rather weak pinning force
to pin the contact line due to the small patch size, which results in the
nearly successive movement of droplet contact line and thus con-
tinuous distribution of contact angles (Figure 3b). In contrast, the
larger patch size in the case of Lp 5 7 can exert a stronger pinning
force and thus gives rise of discontinuous distribution of contact
angles.

The interaction strength between solid and liquid is also found to
influence the distribution of contact angles. For the situations of Lp 5

7, we decrease the hydrophobicity for one type of patches from G2,s 5

0.18 to 0.06, while that for the other type of patches keeps unchanged

Figure 4 | The distribution of contact angles and the corresponding substrate structure (the inset) near the contact lines, which indicates that
there exist different contact angles although the similar substrate structures near contact lines. Two typical configurations of droplets are also shown in

the figure. In this case Lp 5 7.

Figure 5 | (a) The density profile of fluids near the three phase contact line.

The inset shows the substrate structure near the contact line, and middle

rectangle that separates two parts corresponding to the boundary of the

droplet (with rwater < 1.0). (b) The relation between the pinning force and

the contact line width.
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(G1,s 5 0.01). Our simulations (Supplementary Figure S3 online)
show that weakening the chemical heterogeneity, for example,
decreasing G2,s, leads to the change of contact angle distribution from
discrete to continuous. At the same time, the range of contact angle
distribution becomes increasingly narrow due to the weakened pin-
ning effect. This observation confirm the essential role of substrate
heterogeneity in determine microdroplet contact angle.

Conclusions
The miniaturization of chemical and biochemical processes on
microfabricated devices involve small liquid droplets with a size
down to micro- and nanoscale. For microdroplets having the same
size scale as substrate heterogeneities, however, no general equation
and even no basic mechanism have been presented until now to
describe how the contact angle is determined. In this work, by using
lattice Boltzmann (LB) simulation method we investigated the mech-
anism of how the contact angle of microdroplets on heterogeneous
surfaces is determined.

To mimic real surfaces on which the pattern of different domains
is not periodically ordered, we generated statistically patterned sur-
faces by obtaining an ensemble of realizations of surfaces with ran-
domly distributed patches. Our extensive LB simulations indicate a
wide distribution of contact angles obtained for microdroplets on the
random substrates, either continuous or discrete, depending on the
patch size. The origin of this observation of multiple contact angles
can be simply understood as a result of contact line pinning.
Whenever the contact line is pinned the drop would be at equilib-
rium, being either metastable or the most stable. Hence, the contact
line pinning induces the appearance of many free energy minima,
which lead to the occurrence of multiple contact angles.

To find out the mechanism of contact line pinning, we also per-
formed a detailed analysis of the three phase contact line. We demon-
strated that the local feature of substrate structure near the contact
line determines the threshold values of the pinning force that the
substrate can provide, and thus a range of contact angles may be
stabilized by the same local structure. The contact line can in fact
be defined as a region with a finite width, rather than a geometric line.
More importantly, it is shown that the contact line width is closely
related to the required pinning force to stabilize a contact angle. To
stabilize a large deviation of contact angle from the equilibrium
contact angle, the substrate has to provide a stronger pinning force
to pin the contact line of microdroplets, and therefore the contact line
has to stay at a larger region on the more hydrophobic part, leading to
a larger contact line width.

We also checked whether the Cassie can apply for the microscopic
droplets or not. Our results demonstrated that in the case of micro-
droplets, for which the droplet dimension is often of the same order
of magnitude as the characteristic size of substrate heterogeneity, a
mean-field description of the effect of surface heterogeneities
becomes insufficient, and Cassie equation may become invalid.
Instead, it is the local feature of substrate structure near the contact
line that determines the range of possible contact angles. We thus
discussed the viability of Cassie equation from aspect of contact line
width. Our results clearly indicate that two situations characterized
by different contact line widths should be distinguished. The first
situation is that the patch size is sufficiently small so that the hetero-
geneity of solid surfaces is not ‘seen’ by the contact line. In this case,
the pinning effect vanishes, and the Cassie equation accurately holds.
Another situation is observed when the typical size of the chemical
heterogeneity is relatively larger, and thus contact line may be pinned
by the heterogeneity. The pinning effect, which is closely related to
the contact line width, results in the deviation of the contact angle
from the Cassie equation.

Finally we investigated how the surface heterogeneity affects the
distribution contact angles of microdroplets. We found that both the
geometric (patch size) and chemical nature (Gs) affect the distri-

bution for contact angles of microdroplets significantly, and their
effects can be well interpreted from the viewpoint of contact line
pinning.

Methods
LB method is a numerically robust technique with advantages in dealing with com-
plex boundaries and incorporating microscopic interactions, both of which are cru-
cial for interfacial phenomena36–45. Here the two dimensional, Shan-Chen (SC) type
LB method28,29 based on D2Q9 model30 were implemented. In this work, all the
quantities used are dimensionless. Lengths are expressed in the unit of the lattice
spacing. Gc, the strength of a fluid interacting with other fluids, was fixed to 0.6, and
there is no interaction force between same components. To represent hydrophobic
surfaces, Gs, the parameter that controls the strength of the interaction between solid
and each fluid, was here set to positive for liquid and negative for gas but having the
same absolute value because Gs should be positive for nonwetting fluid and negative
for wetting fluid46.

For simplicity, a simulation box of 200 3 110 for the system in two dimensions was
adopted in this work. It consists of a microdroplet on a smooth solid surface with
patterned heterogeneities, which is surrounded by a gaseous environment. For initial
configurations, microdroplets in the shape of a rectangle (134 3 63) was initially
placed on patterned substrates. The initial density for the droplets, rwater, was set to
2.0 and the density for dissolved gas was rgas 5 0.0, and vice versa for the region of gas.
A typical equilibrium process for droplets from their initial configurations is shown in
supplementary movie S1 online. The flat and chemically heterogeneous solid surface
at the bottom of the box comprises two types of patches, which arrange either reg-
ularly or randomly to form a given surface pattern. The patterned surface, for which
the interaction of fluid with the patch of one type is G1,s and that with the patch of the
other type is G2,s, is hereafter denoted as the surface of (G1,s, G2,s). To resemble real
surfaces on which the pattern of different domains is not periodically ordered, we
generated statistically patterned surfaces by obtaining an ensemble of realizations of
the random surfaces. Although random surfaces have essentially random distribu-
tions for patches of different type, they can bear simple statistical patterns. For
example, within a certain length scale there may be an increased propensity to find
adjacent sites of the same type or those of different types. In this work the patch size is
the simplest statistical measure of the surface patterns. To consider the effect of their
relative size compared to the droplet size, the patch size for the surface heterogeneity
varies from 1 to 22 here. Note that for different realization of substrates, the ratio of
the number of different patches was always set to unity, and the bounce back
boundary condition was adopted for the solid boundary.
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