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SUPPLEMENTARY DISCUSSION 1:

DETAILED DERIVATION OF THE DRIVING FORCE

Consider a liquid droplet placed on top of a liquid infused surface with topographical

gradient as illustrated in Supplementary Figure 1. For convenience, we use the subscripts

w, o, a and s to refer to the droplet, infusing lubricant, air and solid phases respectively. We

also introduce the spreading parameter,

S = γwa − γoa − γow, (1)

where γαβ is the interfacial tension between phases α and β (α, β = w, o, a and s). If S > 0,

the lubricant encapsulates the droplet (see Supplementary Figure 1(c)). Otherwise, there is

no encapsulation (see Supplementary Figure 1(d)).

The liquid infused surface can be considered as a composite surface of solid and lubricant,

where fs is the fraction of the solid surface and (1 − fs) is the fraction of the “lubricant

surface”. In this work (Supplementary Figure 1), the fraction of solid fs increases in the

x-direction but it is constant in the y-direction. At a given x, the composite interfacial

tensions of the surface when in contact with the droplet, lubricant and air phase can be
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Supplementary Figure 1. (a) Illustration of a droplet on a liquid infused surface with topographical

gradient, where greater solid fraction fs is indicated by the darker area. R and r are the droplet base

radius and meniscus width respectively. Γout and Γin are the surface tension forces per unit length that

act on the outer and inner contact lines. (b) Magnification of the meniscus area. The red arrows indicate

the relevant composite interfacial tensions, as described in Eqs. (2)-(4). The dashed line at the droplet-air

interface indicates the possibility of lubricant encapsulation. The droplet may be encapsulated by the

lubricant (c) or not (d), depending on the spreading parameter S.

respectively written as

γ(s,o)w = fs(x)γsw + (1− fs(x))γow, (2)

γ(s,o)o = fs(x)γso + (1− fs(x))γoo = fs(x)γso, (3)

γ(s,o)a = fs(x)γsa + (1− fs(x))γoa. (4)

It is worth mentioning that these composite interfacial tensions are the same irrespective of

whether the droplet is encapsulated. The key effect of the lubricant encapsulation is to alter

the effective droplet-air surface tension, as we will discuss below (see Eq. (14)).

Using Eqs. (2), (3) and (4), the surface tension forces per unit length at the inner and

outer contact lines are therefore

Γin = γ(s,o)o − γ(s,o)w + γow cos θdow = (γso − γsw + γow)fs(x)− γow + γow cos θdow, (5)

Γout = γ(s,o)a − γ(s,o)o − γoa cos θdoa = (γsa − γoa − γso)fs(x) + γoa − γoa cos θdoa. (6)

θdow and θdoa are the dynamic contact angles as illustrated in Supplementary Figure 1(b).

Since fs does not vary with y, only the x-component of the above forces contribute to the

total driving force, i.e. Γin cosϕ and Γout cosϕ. The total driving force is the sum of these

surface tensions integrated over the total perimeters of the inner and outer contact line:

F =

∮
l

Γin cosϕdl +

∮
L

Γout cosϕdL. (7)
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Similar to previous derivations for droplets moving across surfaces with chemical gradients

[1, 2], we will now assume the interface shapes are in quasi-equilibrium, such that the

dynamic angles θdow and θdoa can be approximated to be the same around the corresponding

contact lines. Since it can be shown that
∮

cosϕdl = 0, the constant terms in Eqs. (5) and

(6) do not contribute to the total force when integrated over the contact line. As such, the

total driving force can be rewritten as:

F =

∫
l

[
(γso − γsw + γow)fs(x)

]
cosϕdl +

∫
L

[
(γsa − γoa − γso)fs(x)

]
cosϕdL. (8)

We will now make another simplifying assumption. If the shapes of the contact lines are

circular (as illustrated in Supplementary Figure 1), we can express dl = Rdϕ and dL =

(R + r)dϕ. Hence, the driving force becomes

F =(γso − γsw + γow)

∫
ϕ

fs(x)R cosϕdϕ+ (γsa − γso − γoa)
∫
ϕ

fs(x)(R + r) cosϕdϕ. (9)

To evaluate the driving force, fs(x) needs to be specified.

Vanishing Meniscus Approximation

In this subsection, we will consider the vanishing meniscus case, where r ≈ 0. Here, the

driving force in Eq. (9) can be simplified into

F =
(
(γso − γsw + γow) + (γsa − γso − γoa)

) ∫
ϕ

fs(x)R cosϕdϕ. (10)

This expression can be interpreted in two ways, which provide us with different insights.

The first interpretation is to rewrite Eq. (10) into

F =
(
γow(1− cos θow) + γoa(cos θoa − 1)

) ∫
ϕ

fs(x)R cosϕdϕ, (11)

where

cos θow =
γsw − γso
γow

, cos θoa =
γsa − γso
γoa

. (12)

θoa and θow are the Young’s contact angle for the lubricant on a smooth solid surface in the

presence of gas and droplet phase surrounding, respectively. From Eq. (11), if the lubricant

is fully wetting the solid such that θoa = θow = 0, the driving force ceases, F = 0. Droplet

motion due to the wetting gradient will not be observed. However, it is important to note
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that if only one of the lubricant contact angles (θoa or θow) vanishes, F 6= 0. As a result, the

droplet motion can still be observed and predicted using the theory developed in this work.

The second interpretation is to cancel the γso terms in Eq. (10) and rearrange the equation

into

F =
(
(γsa − γsw) + (γow − γoa)

) ∫
ϕ

fs(x) cosϕRdϕ. (13)

It is convenient to express the prefactor
(
(γsa − γsw) + (γow − γoa)

)
as a function of contact

angles since they are easier to measure compared to the interfacial tensions, especially γsa

and γsw. To do this, we introduce γeff , where [3]

γeff =

γoa + γow, if S > 0 (lubricant encapsulation),

γwa, otherwise,
(14)

and

cos θeffwa|s =
γsa − γsw
γeff

, cos θeffwa|o =
γoa − γow
γeff

. (15)

This way the driving force can be written as

F = γeff (cos θeffwa|s − cos θeffwa|o)

∫
ϕ

fs(x) cosϕRdϕ. (16)

We can see that the sign of the driving force depends on the sign of the gradient of fs and on

the prefactor of the integral. For convenience, we can introduce F̃ as the normalised driving

force which does not depend on the detail of the surface texturing,

F̃ = (cos θeffwa|s − cos θeffwa|o). (17)

Inferring the Sign of the Driving Force

In Fig. 3 of the main text, we construct a phase diagram that show the bidirectional

droplet motion. To populate the phase diagram, we need to obtain the values of cos θeffwa|s and

cos θeffwa|o. In turn, this allows us to calculate F̃ and compare the sign of F̃ to the observed

direction of the droplet motion.

Let us first discuss the case when the droplet is not encapsulated by the lubricant. In

this case γeff = γwa and the normalised driving force becomes

F̃ = (cos θwa|s − cos θwa|o) (18)
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with

cos θwa|s =
γsa − γsw
γwa

, cos θwa|o =
γoa − γow
γwa

. (19)

θwa|s and θwa|o are the contact angles of the droplet on the smooth solid surface (Young’s

contact angle) and on the lubricant surface respectively. Typically θwa|s can be measured

directly using drop shape analyser or goniometer. cos θwa|o can be calculated from Eq. (19)

if the corresponding surface tensions (the γαβ) are known.

For the case where the droplet is encapsulated by the lubricant, following McHale et

al. [3], we use γeff = γoa + γow and cos θeffwa|o can be calculated as

cos θeffwa|o =
γoa − γow
γoa + γow

. (20)

Conceptually, θeffwa|s corresponds to the contact angle of an encapsulated droplet on a smooth

solid surface surrounded by gas. This value is different from θwa|s, the contact angle of a

(bare) droplet on a smooth solid surface surrounded by gas. To compute θeffwa|s, we can use

the relation γsa − γsw = γwa cos θwa = γeff cos θeffwa|s. As such,

cos θeffwa|s =
γwa

γoa + γow
cos θwa|s. (21)

Eqs.(19-21) allow us to calculate F̃ and validate our theory via simulations and experiments

when θwa|s, γwa, γoa, and γow are known.

Alternatively, when θwa|s, γwa, γoa, and γow are not known, F̃ can also be obtained using

a graphical method. Here we employ the Cassie-Baxter approximation for the apparent

contact angle of a droplet on the composite surface of solid and lubricant at the vanishing

meniscus limit [3, 4]

γeff cos θapp =γ(s,o)a − γ(s,o)w, (22)

=
(
fsγsa + (1− fs)γoa

)
−
(
fsγsw + (1− fs)γow

)
, (23)

=fs(γsa − γsw) + (1− fs)(γoa − γow). (24)

The value of γeff is as explained in Eq. (14). Dividing both sides with γeff , we obtain

cos θapp =fs cos θeffwa|s + (1− fs) cos θeffwa|o, (25)

=
(

cos θeffwa|s − cos θeffwa|o
)
fs + cos θeffwa|o. (26)

We can immediately see that the terms inside bracket is F̃ , such that

cos θapp = F̃ fs + cos θeffwa|o. (27)
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Thus, if we have the values for cos θapp at various solid fractions fs, we can compute F̃ from

the gradient of the curve. Furthermore, we can infer the values of cos θeffwa|s and cos θeffwa|o by

extrapolating cos θapp to fs = 1 and fs = 0 respectively. It is also useful to note that this

approach works for both encapsulating and non-encapsulating lubricant since it relies on

direct contact angle measurement without the need to know the surface tension values of

the liquids involved.

Finite Meniscus Case

When the size of meniscus is non-vanishing, the contribution of the second integral in Eq.

(9) needs to be considered. Using the definition of cos θoa in Eq. (12) and F̃ in Eq. (17), we

can write the expression of the driving force, including the meniscus contribution, as

F = γeff F̃

∫
ϕ

fs(x) cosϕRdϕ+ γoa(cos θoa|s − 1)

∫
ϕ

fs(x)r cosϕdϕ. (28)

We can see that the sign of the second term is always negative as long as θoa is finite. This

term manifests as a force which always drives the droplet to the lubricant majority area.

The magnitude of the second term is usually small compared to the leading first term in

Eq. (28). However, when F̃ ≈ 0, the effect of the second term becomes apparent.

To better understand this finite size effect, we shall now focus on the 2D case for simplicity.

In this case, the driving force can be written as

F2D = [Γout + Γin]Right − [Γout + Γin]Left. (29)

If the solid fraction increases linearly with gradient α such that

fs(x) = f0 + αx, (30)

we can obtain the solid fraction at the outer and inner menisci as

fs(out) =f0 + αxc ± α(R + r), (31)

fs(in) =f0 + αxc ± αR, (32)

where xc is the centre of the droplet in x direction, while the + and - signs are for the right

and the left menisci respectively. Using the definitions of Γin and Γout, and substituting Eq.

(31) and (32) into Eq. (29), we obtain

F2D = 2α(RγwaF̃ + rγoa(cos θoa|s − 1)). (33)
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Similar to the full 3D case in Eq. (28), here we can see that the second term is always

negative as long as θoa|s is finite.

We can explicitly observe the role of this second term in the phase diagram in Fig. 3

of the main text. Some of the data points near the diagonal line corresponding to our 2D

simulations do not match the theoretical prediction of F̃ . For these 2D simulations, while

F̃ predicts that the droplet should move to the higher fs area, our simulation shows that it

moves to the lower fs area instead.

SUPPLEMENTARY DISCUSSION 2:

ADDITIONAL EXPERIMENTAL RESULTS

Experimental Data Collection

The direction of the droplet movement depends on the sign of F̃ . In the experiments,

we use water and ethylene glycol as the droplet phase and tested various lubricants as the

infusing liquid. In this section, we compute the predicted values of F̃ and compare the

results against our observations for the direction of droplet movement. The contact angles

of the droplets on the flat solid surface θwa|s are measured to be (104◦±2◦) and (87◦±2◦) for

water and ethylene glycol respectively. cos θeffwa|s and cos θeffwa|o are either calculated using Eqs.

(19-21) or estimated using the graphical method discussed in Supplementary Discussion

1. The experimental results are tabulated in Supplementary Table I and plotted in the

phase diagram in the main text. Moreover, for the first five droplet-lubricant combinations,

the surface tension values are known, and hence we can predict whether the lubricant is

encapsulating the droplet.

We also provide three ESI videos showing droplet motion: (1) under linear topographical

gradient, both in the directions of denser and sparser solid area; (2) under stepwise topo-

graphical gradient in the direction of sparser solid area; and (3) under stepwise topographical

gradient in the direction of denser solid area.
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Supplementary Table I. List of liquid droplets and lubricants used in the experiments. Their values of

cos θeffwa|s and cos θeffwa|o are either calculated using Eqs. (19-21) (†) or estimated using the graphical method

(‡). The (*) symbol indicates that the lubricant is encapsulating the droplet, which can be predicted when

the surface tension values are known (for the first five droplet-lubricant combinations). The experimental

observations are in agreement with the theoretical predictions based on Eq. (17).

Droplet Lubricant γoa γow cos θeffwa|s cos θeffwa|o F̃ Direction

(mN/m) (mN/m)

†Water Krytox* 18.0 53.0 -0.246 -0.493 0.247 Denser

†Water Diiodomethane 55.9 35.9 -0.242 0.277 -0.519 Sparser

†Water FC70* 18.0 52.8 -0.247 -0.492 0.245 Denser

†Water Silicone oil* 19.8 43.0 -0.278 -0.369 0.091 Denser

†Water Toluene* 28.4 18.0 -0.376 0.224 -0.601 Sparser

‡Water Sunflower oil - - -0.267 0.292 -0.560 Sparser

‡Water Rapeseed oil - - -0.305 0.417 -0.722 Sparser

‡Water Mineral oil - - -0.350 0.103 -0.454 Sparser

‡Water Hydrocarbonated oil - - -0.370 -0.081 -0.289 Sparser

‡Water Ionic liquid - - -0.323 0.601 -0.924 Sparser

‡Ethylene Glycol Krytox - - 0.096 -0.109 0.205 Denser

‡Ethylene Glycol Ionic liquid - - 0.002 0.851 -0.849 Sparser
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Typical Droplet Mobilities

Fig. 1 of the main text shows the direction of motion of water droplets on a stepwise

gradient groove infused with Krytox and ionic liquid. The surface employed is as illustrated

in Supplementary Figure 13(b). In Supplementary Figure 2, we show the typical droplet

centre of mass position as a function of time. It can be seen that water droplet on ionic liquid

infused surface is significantly faster than on Krytox infused surface, with typical velocities

of -9.2 mm/s and 0.6 mm/s for two examples. The plateaus in the plot correspond to the

droplets becoming stationary as they are fully placed on one side of the stepwise gradient

groove.
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Supplementary Figure 2. Droplet centre of mass position versus time for water droplet on Krytox

infused surface (red line) and on ionic liquid infused surface (blue dashed line).

The typical droplet velocity for water droplet with different infusing lubricants are pro-

vided in Supplementary Table II. The resulting droplet velocity is a complex balance be-

tween the driving force due to the texture gradients and the viscous dissipation. As derived

in Eq. (15) of the main text, the former depends on the normalised driving force |F̃ |, the

effective droplet-air surface tension γeff , the surface texture used, and the base radius of the

droplet R. It is worth noting that, for the same droplet volume, the base radius depends

on the apparent contact angle of the droplet. There are also several contributing viscous

dissipation mechanisms for droplets on LIS, which depend on the the viscosity ratio between

the droplet and lubricant [5], the wettability of the lubricant and its meniscus shape [6], the
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amount of excess lubricant [7], and the surface texture geometry [8]. Correspondingly, the

dynamical behaviour of droplets on gradient LIS is very rich, and it is an exciting area for

further study.

Supplementary Table II. Typical velocity |vcm| of water droplet on LIS with different infusing

lubricants. The viscosity of water is taken to be 1 mPa.s while the other liquid viscosities are obtained

from the manufactures’ data or from the literature, as given in Ref. [9–15]

Lubricant |F̃ | ηd (mPa.s) ηl (mPa.s) |vcm| (mm/s)

Krytox [11] 0.247 1 72 0.57

Diiodomethane [12] 0.519 1 3 0.12

FC70 [10] 0.245 1 24 0.17

Silicone oil [9] 0.091 1 19 0.11

Toluene [14] 0.601 1 0.6 2.20

Sunflower oil [13] 0.560 1 67 0.10

Rapeseed oil [13] 0.722 1 67 0.07

Ionic Liquid [15] 0.924 1 64 9.24

SUPPLEMENTARY DISCUSSION 3:

SIMULATIONS OF DROPLET DYNAMICS UNDER DIFFERENT SURFACE

TEXTURES

A key advantage of the lattice Boltzmann simulation method is that it allows us to explore

the effect of surface textures on the dynamics of the droplet. In this section, we start by

studying different textures which share the same overall solid fraction gradient across the
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simulation domain. We define the normalised texture gradient as

α̃ =
∆fs
∆x

R, (34)

where ∆fs/∆x is the texture gradient per unit length across the simulation domain and R

is the droplet base radius.

Supplementary Figure 3. Droplet trajectories for different surface textures: (i) a stepwise groove, (ii)

and (iii) linear rectangular posts with square and hexagonal arrangements respectively, and (iv) a linear

groove. The normalised texture gradient α̃ is kept the same.

Supplementary Figure 3(a) shows the droplet position (normalised by its base radius)

as a function of time when moving across a surface patterned with (i) a stepwise groove,

(ii) and (iii) linear rectangular posts with square and hexagonal arrangements, and (iv) a

linear groove. On the stepwise gradient groove (case i), the droplet velocity is the fastest.

However, the droplet stops travelling when it no longer experiences a topographical gradi-

ent. For continuous droplet motion, we anticipate that a linear texture gradient is needed

and here we compare three different surface textures. On rectangular posts with square

arrangements (case ii), the droplet, in fact, only moves a short distance before contact line

pinning dominates. Changing the post arrangement into a hexagonal array (case iii) helps

to advance the contact line by distributing the pinning points [16], which are located at the
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edge of the post. As the result, the droplet can move much further on the substrate. Contact

line pinning is minimised using the linear groove (case iv). In this case, the contact line

can slide along the edges of the grooves as the droplet moves. Thus, this surface patterning

leads to the highest droplet mobility.

The effect of contact line pinning on the droplet motion can be further observed in

Supplementary Figure 3(b). Rather than a constant velocity, we find a variation in the

droplet velocity with time. The stick-slip motion can be observed most clearly for cases (ii)

and (iii) for the rectangular posts, and they correspond to pinning and depinning events

of the contact lines. Case (iv) also shows a small variation in the droplet velocity. This is

because we have simulated the linear groove using a staircase approximation. The observed

acceleration and deceleration occur at the corners of the staircase. They are reminiscent of

similar observations in experiments (e.g. see the ESI movies) due to surface imperfections.

Supplementary Figure 4. Droplet trajectories on linear grooves with different α̃.

In Supplementary Figure 4, we have also studied the effect of α̃ on the droplet mobility,

focussing on the case of linear grooves. We can observe that the larger α̃, the faster the

droplet since the texture gradient generates a larger driving force. However, at the same

time, the larger α̃ the smaller the distance that the droplet can travel for the same end-to-end

difference in the solid fractions. This contradictory constraint is an important consideration

for potential applications, such as in drop sorting. Employing large texture gradients increase

the throughput of the sorting, but it limits the spatial distance over which the droplets can

be distinctly separated.
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SUPPLEMENTARY METHODS

Ternary Lattice Boltzmann Simulation

The system of interest, a liquid drop on a liquid infused surface, consists of three fluid

phases (droplet, gas, and lubricant) and one solid phase [17, 18]. To simulate this system

we use a ternary free energy lattice Boltzmann method [6]. The free energy model is given

by

F =
3∑

m=1

∫
Ω

(
κm
2
C2
m(1− Cm)2 +

α2κm
2

(∇Cm)2

)
dV −

3∑
m=1

∫
∂Ω

hmCm dS, (35)

where Cm is the concentration of fluid phase m. In our simulation, m = 1, 2, 3 represent the

droplet, gas and lubricant phases respectively. The first term in Eq. (35) allows us to realise

three different bulk fluids. The simulation parameters α and κ are related to the surface

tension of the fluids via

γmn =
α

6
(κm + κn). (36)

For simplicity, we use α = 1. If the three surface tensions are known, i.e. γ12, γ23 and

γ31, the values of κ1, κ2 and κ3 can be calculated using simple algebra from Eq. (36). The

second term in Eq. (35) allows us to account for interactions between the fluids and the solid

surface. The hm parameters are related to the intrinsic contact angle with the solid via

cos θmn =
(ακn + 4hn)3/2 − (ακn − 4hn)3/2

2(κm + κn)(ακn)1/2
− (ακm + 4hm)3/2 − (ακm − 4hm)3/2

2(κm + κn)(ακm)1/2
. (37)

Here θmn is the contact angle of fluid m on a solid surface, surounded by fluid n. Once the

desired contact angles are known, the parameters h1, h2, and h3 can be solved numerically.

It is also worth noting that, using the Girifalco-Good relation [19], γ12 cos θ12 + γ23 cos θ23 +

γ31 cos θ31 = 0, we can obtain the third contact angle if the remaining two are known.

Additional Details on the Simulation Setup

As explained in the main text, we carry out three types of simulations to populate the

phase diagram: full 3D simulations, quasi 3D simulations, and 2D simulations.

For the full 3D simulations, the box size is set to be Lx × Ly × Lz = 480 × 320 × 100

lattice units. The surface texture consists of rectangular posts in the x−y plane arranged in

a hexagonal lattice, as shown in Supplementary Figure 5. Each post has a fixed height and
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Supplementary Figure 5. The simulation setup for the full 3D simulations. Lx and Ly are the

dimensions of the simulation box in the x and y directions. D is the droplet base diameter, while l and s

are the post length and post spacing respectively.

Supplementary Figure 6. Droplet motion in the full 3D simulations for (a) F̃ < 0 and (b) F̃ > 0

respectively. The dashed lines indicate the initial droplet centre of mass.

width given by 10 and 5 lattice units respectively. The post length l is varied by increasing 2

lattice units for each subsequent post in the x direction. The post centre-to-centre distance

is maintained at 30 lattice units in the x-direction. In the y-direction, the distance between

two rows of posts is set at 10 lattice units. To create the hexagonal arrangement, the even

and odd rows are shifted by 15 lattice units in the x direction. The lubricant is initiated to

fill the corrugation, and then a hemispherical droplet with base diameter D = 150 lattice

units is placed on top of the solid-lubricant composite surface. Supplementary Figure 6

shows two examples. We can see that the direction of the droplet motion follows the sign
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of F̃ . When F̃ < 0, the droplet moves toward the −x direction. When F̃ > 0, the droplet

moves toward the +x direction.

For the quasi 3D simulations, the box size is set to be Lx×Ly×Lz = 480×20×100 lattice

units, and a cylindrical droplet with base diameter D = 150 lattice units is placed on top of

the solid-lubricant composite surface. We have used three types of surface texturing. First,

a linear gradient is employed, akin to the full 3D case, except that only two rows of posts

in the y direction are explicitly simulated. Periodic boundary condition is implemented in

the y direction. Typical examples of this surface texturing are shown in Supplementary

Figure 7, showing the bidirectional motion.

Supplementary Figure 7. Droplet motion in the quasi 3D simulations for (a) F̃ < 0 and (b) F̃ > 0

respectively. Here, linear gradient of rectangular posts has been used. The dashed lines indicate the initial

droplet centre of mass.

Supplementary Figure 8. Droplet motion in the quasi 3D simulations for (a) F̃ < 0 and (b) F̃ > 0

respectively. Here, stepwise gradient of rectangular posts has been used. The dashed lines indicate the

initial droplet centre of mass.

The second and third types of surface textures used in the quasi 3D simulations are
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stepwise gradient of rectangular posts and stepwise gradient of grooves. Examples for the

former are shown in Supplementary Figure 8. Supplementary Figure 9 shows a schematic

for the stepwise gradient of grooves. It is also worth noting that the topographical gradient

can be designed to have more than two distinct regions. Supplementary Figure 10 shows

an example for F̃ < 0. Here, the droplet size is large enough such that, when it leaves

the fs = 0.53 area, it reaches the boundary of the fs = 0.13 area. Therefore, the droplet

continues to move to the fs = 0.13 area. If the droplet is smaller or the fs = 0.40 area is

wider, then the droplet will be trapped in the middle region (fs = 0.40).

Supplementary Figure 9. Top view of a stepwise gradient of grooves. The dotted line indicates the

intersection between the lower and higher fs areas.

Lastly, for the 2D simulations, the box size is set to be Lx × Lz = 480 × 100 lattice

units. In the 2D simulations, the surface textures are not simulated explicitly. Instead, we

vary the lubricant wettabilities along the horizontal direction to mimic the topographical

gradient. A hemispherical liquid droplet with a radius of 120 LB unit is initiated on top of

the solid and a small amount of lubricant is placed around the droplet (initiated as squares

of 20× 20 lattice units on both sides of the droplet), as shown in Supplementary Figure 11.

Supplementary Figure 12 shows the typical examples for both F̃ < 0 and F̃ > 0. The 2D

simulation setup can be used to explore the phase diagram using relatively fast simulations.
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Supplementary Figure 10. Droplet motion on a surface patterned with multiple stepwise gradient of

grooves for F̃ < 0. The dashed lines indicate the intersections between regions of different solid fractions.

Supplementary Figure 11. The 2D simulation setup for LIS with wetting gradient.

Supplementary Figure 12. Droplet motion in the 2D simulations for (a) F̃ < 0 and (b) F̃ > 0

respectively. The dashed line indicates the initial droplet centre of mass.
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Surface Fabrication

The micro-structured LIS used in the experiments are manufactured by photolithography

and subjected to a low-hysteresis treatment.

For the photolithography process, we use glass wafers cleaned using IPA and acetone

rinses. To promote the photoresist adhesion, wafers are etched using a reactive-ion etcher

(RIE) and bounded with HDMS (Microchem). Surfaces are then spin-coated for 30 s at

1750 rpm with a photoresist (SU8-2025 from Microchem) to obtain a homogeneous 60 µm

thick layer. After a pre-bake (10 min at 95 ◦C), patterns are transposed from a chrome mask

(JD Photo Data) on the surface using a mask aligner (UV power of 300 mJ/cm2). After

a post-exposure bake (6 min at 95 ◦C), the extra photoresist is removed using EC solvent

(Microchem). Surfaces are then subjected to a last bake (10 min at 170 ◦C) to finalize the

cross-linking process.

To reduce the contact angle hysteresis that would hinder droplet motion, the structured

surfaces are treated with SOCAL (Slippery Omniphobic Covalently-Attached Liquid), fol-

lowing the protocol from Wang et al. [20]: The surfaces are firstly cleaned with rinses of

acetone, IPA (isopropanol) and finally deionized water. To create the -OH bonds necessary

for the PDMS brushes to fix on the surfaces, the substrates are put in a plasma oven for

30 s at 100 W. Surfaces are then dipped in a solution of 10 wt.% dimethyldimethoxysilane,

1 wt.% sulfuric acid and 89 wt.% IPA for 5 s, and then kept at 60 % humidity (and ambient

temperature of ≈ 20◦) for 20 min. To stop the PDMS brushes growth, surfaces are finally

rinsed with deionized water, IPA and Toluene. The resulting surfaces exhibit a contact angle

of 104.2◦± 2◦ and a contact angle hysteresis of less than 5◦ for a water droplet deposited on

a non-structured (flat) region.

Micro-structure geometry

Two types of structured surface geometries are used in the present work: (i) linear gra-

dient of solid fraction created by fabricating grooves of decreasing width (Supplementary

Figure 13a), and (ii) stepwise gradients of solid fraction, with grooves exhibiting a sudden

change in width (Supplementary Figure 13b).
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a b

fs = 0 fs = 1 fs = 0.1 fs = 0.9

Supplementary Figure 13. Grooves and stripes used to create gradients of solid fraction. White areas

correspond to the grooves and black areas to the top of the 60 µm high structures (stripes). (a) Parallel

grooves with divergent width along their lengths. The center-lines of two consecutive stripes are separated

by 75 µm. The solid fraction evolves from fs = 0 on the left to fs = 1 on the right. (b) Parallel grooves

with a sudden change in width. The solid fraction is f = 0.1 on the left and f = 0.9 on the right.

Optical Profilometry and Scanning Electron Microscope Images

200 400 600 800 1000

200

400

600
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Supplementary Figure 14. Characterisation of a sample exhibiting a sudden change in solid fraction.

(a) Map of the height of the structures on a small portion of a sample, measured by optical profilometry.

The solid fraction is fs = 0.9 on the left side and fs = 0.1 on the right side. (b) Height profiles along the

two lines shown in (a). (c) and (d) Scanning electron microscope images in the region fs = 0.1.

After fabrication, the surface geometry of the samples is carefully measured using optical

profilometry and SEM (Scanning Electron Microscopy) imaging. Supplementary Figure 14
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shows an example for a sample exhibiting a sudden change in solid fraction. The height of

the structures measured on Supplementary Figure 14a is (61 µm ± 1 µm), very close to the

expected value of 60 µm. Such agreement is typical for the structures used in this study.

SEM imaging further allows us to check the flatness of the top of the structures, and to

ensure that the obtained solid fraction is in agreement with the expected design.
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