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The ability to transfer microdroplets between fluid phases offers numerous advantages in various fields, enabling better control, ma-
nipulation, and utilization of small volumes of fluids in pharmaceutical formulations, microfluidics, and lab-on-a-chip devices, single-
cell analysis or droplet-based techniques for nanomaterial synthesis. This study focuses on the stability and morphology of a sessile
oil microdroplet at the four-phase contact line of solid-water-oil-air during the droplet transfer from underwater to air. We observed
a distinct transition in microdroplet dynamics, characterized by a shift from a scenario dominated by Marangoni forces to one dom-
inated by capillary forces. In the regime dominated by Marangoni forces, the oil microdroplets spread in response to the contact be-
tween the water-air interface and the water-oil interface and the emergence of an oil concentration gradient along the water-air inter-
face. The spreading distance along the four-phase contact line follows a power law relationship of t3/4, reflecting the balance between
Marangoni forces and viscous forces. On the other hand, in the capillarity-dominated regime, the oil microdroplets remain stable
at the contact line and after being transferred into the air. We identify the crossover between these two regimes in the parameter
space defined by three factors: the approaching velocity of the solid-water-air contact line (vcl), the radius of the oil microdroplet
(ro), and the radius of the water drop (rw). Furthermore, we demonstrate how to use the four-phase contact line for shaping oil mi-
crodroplets using a full liquid process by the contact line lithography. The findings in this study may be also applied to materials
synthesis where nanoparticles, microspheres, or nanocapsules are produced by microdroplet-based techniques.

1 Introduction

Controlling the behaviour of microdroplets is key to unlocking the technology potential in various pro-
cesses. In nanomaterial synthesis, maintaining stable microdroplets with precise compositions and sizes
is crucial to perform precise and controlled multistep reactions [1, 2, 3, 4], and to obtain desired product
properties [5, 6, 7, 8]. For analytical chemistry and medical diagnostics, transferring microdroplets often
enables the isolation and manipulation of small volumes of samples, leading to better sensitivity and ac-
curacy in detecting specific compounds or analytes [9, 10, 11]. In other situations, it is desirable to mo-
bilize microdroplets on surfaces or interfaces. For example, detaching water microdroplets from surfaces
can also help prevent fouling and maintain surface self-cleaning [12]. The ability to control the stability
and morphology of microdroplets is often achieved by manipulating various factors, including interfacial
tension, surface treatments or functional coatings[13, 14], and external forces like electric fields or acous-
tic waves [15]. However, the potential of a moving interface between gas and an immiscible liquid has
been rarely explored for controlling the morphology of microdroplets.

Extensive studies have been conducted on interfacial dynamics of a microdroplet in symmetric systems
consisting of two approaching drops [16, 17], and in asymmetric systems of a bubble approaching a drop
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2 RESULTS AND DISCUSSION

[18, 19], or a drop approaching a solid surface [20]. When a bubble comes into proximity, the droplet im-
mersed in a liquid medium may undergo deformation, forming a dimple [21], pimple [22], wimple [23],
or ripple [24]. The physicochemical properties of the liquid phase and the microdroplet play a signifi-
cant role in either facilitating coalescence or stabilizing the droplets. The intervening liquid film between
the droplet and the bubble is essential for droplet stability, which is determined by interfacial deforma-
tion under surface forces and the hydrodynamic drainage process. The microdroplet stability is related
to the approaching velocity of the bubble surface, viscosity, electrolyte concentration, or pH value of the
medium and the droplet size [25, 26, 27, 28].

Various body forces are known to impact the dynamics and stability of droplets, such as inertial forces
[29], viscous forces [30, 31], and capillary forces [29, 32]. Moreover, for a multiphase and multicomponent
system out of equilibrium, the droplet behaviour is even more complicated by the presence of an interfa-
cial tension gradient via Marangoni forces [33, 11, 34, 35]. In addition, for sessile droplets on a solid sur-
face, the pinning effect along the contact line of droplets on surface structures may restrict the mobility
of the droplets [36].

Distinct from both symmetric and asymmetric scenarios above, when an oil microdroplet on a solid sub-
strate interacts with an approaching gas-water interface, a transient four-phase contact line can form.
Specifically, the oil microdroplet is encapsulated in the host water drop as the water-air interface recedes,
approaching the oil microdroplet. In our previous work, we observed the coalescence of an oil droplet
and a water droplet on a hydrophobic substrate in a quasi-static system [37]. The oil droplet split af-
ter the coalescence of these two drops, primarily governed by the interfacial tensions between the fluid
phases and the viscosity of the oil droplet. However, there is a lack of quantitative understanding and
control regarding the behaviour of surface microdroplets at a four-phase contact line of solid, gas, water,
and oil.

In this work, we will present the dynamic behaviour of a microdroplet at the four-phase contact line.
Specifically, we have placed a small oil droplet inside a water drop and tuned the withdrawal of the water-
air interface. Through these controlled experiments, we discovered a transition in the microdroplet dy-
namics between two distinct scenarios dominated by the Marangoni forces and capillary forces, respec-
tively. This transition occurs as the four-phase contact line sweeps over the oil microdroplet on the sub-
strate. The control parameters have been identified as the moving velocity of the water-air contact line,
the radius of oil microdroplets, the radius of water droplets, and the oil type. We have demonstrated the
utility of the four-phase contact line for shaping the oil microdroplets, showcasing the potential of using
a full liquid process by the contact line lithography. The insights into the behavior of microdroplets in
complex environments open new avenues for the design and control of droplet behaviors in diverse engi-
neering processes. The understanding of the mechanisms that govern droplet behavior will be valuable
for optimizing processes and tailoring them to specific needs, leading to advancements in various fields
such as materials science, microfluidics, and environmental remediation.

2 Results and Discussion

2.1 Two regimes in the microdroplet dynamics at the four-phase contact line

Figure 1 shows the typical snapshots of receding contact line over an octanol microdroplet with differ-
ent vcl and ro. Initially, the octanol microdroplet rests inside the water drop on the substrate. The term
vcl is defined as the speed of the three-phase contact line of gas-water-solid before it reaches the octanol
droplet. In the experiments, vcl was controlled by the flow rate of the injection pump. The ro is radius
of contact line of octanol droplet. Here t = 0 ms represents the time when solid-oil-water-gas four phase
contact line forms, namely the moment when the three-phase contact line around the water drop just
touches the oil droplet.

Figure 1(a) shows the optical images of octanol droplet with radius of 83 µm and with vcl of 0.36 mm/s.
The contact line quickly traverses the octanol microdroplet once the contact line meets the edge of mi-
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2.1 Two regimes in the microdroplet dynamics at the four-phase contact line 2 RESULTS AND DISCUSSION

Figure 1: (a) Snapshots captured by bright field optical microscope, where r0 = 83 µm, rw = 2728 µm, and vcl = 0.36
mm/s; (b) Snapshots captured by fluorescence microscope, ro = 139 µm, rw = 1437 µm and vcl = 0.9 mm/s; (c) Snap-
shots captured by bright field optical microscope, where r0 = 419 µm, rw = 1805 µm, and vcl = 0.07 mm/s; (d) Snapshots
captured by fluorescence microscope, ro = 251 µm, rw = 1409 µm, vcl = 0.01 mm/s; (e) Snapshots captured by confocal
microscope, where the red and green color represent the octanol phase and water phase, respectively, r0 = 145 µm, rw
= 2109 µm, and vcl = 0.01 mm/s; (f) The sketch of the dynamics of contact line on oil droplet. The videos record the
process in (a-e) are attached in Supporting Information.
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2.2 Transition from capillarity-dominated to Marangoni effect-dominated regime 2 RESULTS AND DISCUSSION

crodroplet within 53 ms. Then, the contact line passes the droplet and remains fixed until the outer slowly
moving parts catch up, leaving an unbroken droplet behind the contact line at t=1148 ms.

A fluorescence dye of Nile red at 5 µM was added into octanol to trace the flow of octanol indicated by
the bright part in the image. Figure 1 (b) shows the fluorescence microscope image of the octanol droplet
with radius of 139 µm and with vcl of 0.9 mm/s. Similar with Figure 1(a), the octanol droplet is com-
pletely left behind the contact line of the water drop. This stable behaviour of oil droplet, i.e., being
completely transferred from water to air, is dominated by capillary force, which we will discuss later.

The octanol droplet with radius of 419 µm exhibits radically contrasting behaviour at vcl of 0.07 mm/s
as shown in Figure 1 (c). The contact line passes the edge of microdroplet, but does not sweep cross the
entire droplet, as shown in Figure 1 (c, 6 ms to 20 ms). In 60 ms, octanol in the microdroplet spreads
along the contact line and evolves into a crescent shape like a bow. The crescent is darker than water, as
shown in Figure 1 (c, 80 ms to 400 ms). Figure 1 (d) shows the similar spreading phenomenon captured
by using fluorescence microscopy where the radius of the octanol droplet was 251 µm and the vcl is 0.01
mm/s. At 300 ms, a bow shape of octanol microdroplet appears in the image, which reflect the spread-
ing of the microdroplet along the deformed contact line as a result of the Marangoni stress.

Figure 1 (e) show the typical snapshots of a microdroplet with the radius of 145 µm at vcl of 0.01 mm/s.
In the images taken by the laser scanning confocal microscope, the red, green and black colors indicate
octanol, water and air phases, respectively. We see that the contact line moves over the octanol droplet
once the contact line meets the edge of the microdroplet, as shown in Figure 1 (e, 0 ms to 20 ms). After
that, the octanol spreads laterally along the contact line and gradually evolves to a bow shape, as shown
in Figure 1 (e, 40 ms to 160 ms). Simultaneously, a part of water was stranded on the substrate due to
the pinning effect.

Tiny twin water droplets were left on lateral sides of the octanol microdroplet, as shown in Figure 1 (e,
160 ms). Finally, octanol fully cloaks the water-air interface and shapes like a circle, as shown in the left
image in Figure 1 (f). The spreading behaviour shown in Figure 1 (c-f) is dominated by Marangoni ef-
fect, which we will discuss later. The dynamics of contact line before and after the contact with the edge
of microdroplet is sketched in Figure 1 (f).

2.2 Transition from capillarity-dominated to Marangoni effect-dominated regime

By varying the values of ro and vcl, we are able to identify the transition between spreading (Marangoni
effect-dominated) and stable (capillarity-dominated) behaviors. In Figure 2 (a), the octanol microdroplet
spreads along contact line when ro=193 µm and vcl=0.36 mm/s, while the octanol microdroplet remains
stable when ro=83 µm and vcl=0.36 mm/s. This result indicates the smaller ro may lead to the transi-
tion from Marangoni effect-dominated behavior to capillarity-dominated behavior. In Figure 2(b), the
octanol microdroplet spreads along the contact line when ro=227 µm and vcl=0.32 mm/s, but remains
stable when ro=213 µm and vcl=3.73 mm/s. This indicates that the increase in vcl may also lead to the
transition from Marangoni effect-dominated behavior to capillarity-dominated behavior.

To get more insight into the dynamics of this four-phase system, we conducted systematic experiments
by tuning the vcl from 0.01 mm/s to 5 mm/s and ro from 80 µm and 500 µm. Figure 2(c) shows the phase
diagram of ro versus vcl. Clearly, there is a demarcation line between capillarity-dominated and Marangoni
effect-dominated behavior. Smaller ro and faster vcl contribute to the transition from Marangoni effect-
dominated behavior to capillarity-dominated behaviour.

Next, we seek to confirm that the spreading behaviour is driven by Marangoni effect. After formation
of four-phase contact line, the original water-air interface is gradually displaced by water-octanol and
octanol-air interfaces. The Marangoni effect driven spreading can be identified by the spreading coeffi-
cient S = δ12 − (δ13 + δ23), where δij is interfacial tension between phase i and phase j [38]. The fluid of
phase 3 will spontaneously spread between phase 1 and phase 2 if S > 0. In our case, the phase 1, 2, 3
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2.2 Transition from capillarity-dominated to Marangoni effect-dominated regime 2 RESULTS AND DISCUSSION

Figure 2: Experimental results for octanol droplet encapsulated in water drop (C: capillarity-dominated; M: Marangoni
effect-dominated). (a) Up: Marangoni effect-dominated spreading behavior when ro=193 µm and vcl=0.36 mm/s; Down:
capillarity-dominated stable behavior when ro=83 µm and vcl=0.36 mm/s. (b) Up: Marangoni effect-dominated spread-
ing behavior when ro=227 µm and vcl=0.32 mm/s; Down: capillarity-dominated stable behavior when ro=213 µm and
vcl=3.73 mm/s.(c) Phase diagram between velocity of contact line vs radius of octanol droplet. (d) Phase diagram be-
tween time scale for contact line sliding vs time scale for oil spreading.
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2.2 Transition from capillarity-dominated to Marangoni effect-dominated regime 2 RESULTS AND DISCUSSION

are water, air and octanol, respectively. The spreading coefficient S can be calculated by

S = δwa − δow − δoa = 36.9(mN/m), (1)

where δwa, δow, and δoa are interfacial tensions between water-air interface (72.8 mN/m), water-octanol
interface (8.4 mN/m), and octanol-air interface (27.5mN/m), respectively.

To get a better understanding of this Marangoni effect driven spreading behavior, the key is to reveal
the coupling between the Marangoni effect and the sliding of water drop contact line acting on the oc-
tanol microdroplet. The time scale for the contact line sliding through the oil droplet is:

τs ∼ ro/vcl. (2)

The time scale for the oil droplet spreading on the water drop can be obtained by

τM ∼
√

ρwr3w
∆σ

, (3)

where ρw is the water density, and ∆σ is the interfacial tension difference between octanol-water inter-
face and water-air interface.

For the oil droplet spreading on the water drop, sliding time scale should be longer than spreading time
scale, τs > τM . Figure 2(d) displays the phase diagram replotted with τs vs τM . It clearly shows that two
phases are separated by a straight line, below which the octanol droplet always spreads. The slope of the
straight line is measured to be about 0.09 in the range of 0 ≲ τM ≲ 40. Notably that the measured slope
is not equal to 1, which is due to the time scales of τs and τM only standing for the order of magnitude,
but not the exact values.

When we use silicone oil or squalane, the magic wand work well with same principle, as shown in Fig-
ure 3(a-c). Similar with octanol oil, silicone oil and squalane droplet also transit from Marangoni effect-
dominated behaviour to capillarity-dominated behaviour when decreasing ro and increasing vcl.

Here we perform the dimensionless analysis for the spreading droplet. The Reynolds number Rew is de-
fined as the ratio of the inertial force and viscosity force on the water drop. The Schmidt number Scw is
defined as the ratio of kinematic viscosity and mass diffusivity.

Rew = ρwvclrw/µw (4)

Scw = µw/(ρwD) (5)

The Marangoni number Mao can be used to estimate the significance of the Marangoni effect acting on
the octanol microdroplet.

Mao = ro∆σ/(µoD) (6)

Here rw/ro is the ratio of water drop radius and octanol droplet radius; µw/µo, the ratio of the dynamic
viscosity of water and octanol, and D, the mass diffusivity of octanol in water. Then τM > τs can be
rewritten as

Mao > Re2wScw(
rw
ro

)(
µw

µo

). (7)

To demonstrate the robustness of dimensionless criteria, µw was tuned within the range of 1.0 mPa·s
< µw < 4.0 mPa·s by adding glycerol into the water drop. By substituting the corresponding µw, µo,
∆σ, ρw, ro, rw and vcl depicted in Tables 1 and 2, we obtain the plot of Re2wScw(rw/ro)(µw/µo) vs Mao,
as shown in Figure 3(d). It clearly shows two phases are separated by a straight line and the spreading
takes place when Mao is below the reference line.
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2.2 Transition from capillarity-dominated to Marangoni effect-dominated regime 2 RESULTS AND DISCUSSION

Figure 3: Experimental results for silicone oil droplet encapsulated in water drop (C: capillary; M: Marangoni effect). (a)
Capillarity-dominated behaviour when ro=161 µm and vcl=2.54 mm/s. (b) Marangoni effect-dominated when ro= 225
µm and vcl=3.57 mm/s. (c) Phase diagram of capillarity-dominated and Marangoni effect-dominated behavior in the
parameter space of Vcl vs ro. (d) Phase diagram between two dimensionless numbers for the octanol microdroplet being
encapsulated in water-glycerol drop with different viscosity.

Table 1: Physical properties of oil in microdroplets. Note: δow and δoa are interfacial tensions between oil-water interface,
and oil-air interface, respectively.

Oil types Viscosity δow δoa Contact angle
(mPa·s) (mN·m−1) (mN·m−1) in water (◦)

1-octanol 7.4 8.4 27.5 34
silicone oil 48.4 35.0 18.85 120

Table 2: Experimental conditions for 1-octanol.

water solution viscosity ro rw rcl
(mPa·s) (µm) (mm) (mm/s)

0.98 50-600 0.8-7.0 0.01-7.0
2.00 50-600 1.0-4.0 0.01-7.0
4.05 50-500 1.0-4.0 1.0-3.0
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Figure 4: Quantitative analysis of spreading length with time for octanol spreading along solid-water-air interface. Nor-
malized spreading length L∗ as a function of normalized time t∗ in seven different tests with various octanol microdroplet
size and various water drop size. ro and rw represent the radius of oil microdroplet and of water drop, respectively, and
vcl< 0.1 mm/s for all the seven tests. The black solid line is the reference line of slope of 3/4. All the data come from
fluorescence microscope experiments.

2.3 Microdroplet shaping under Marangoni stress

Next, we quantitatively investigate the evolution of spreading length of the microdroplet, L(t), with time
t. Figure 4(a−d) show the typical snapshots captured by fluorescence microscope with ro = 251 µm and
rw = 1409 µm. We observed that octanol phase continues extending to lateral sides with time, and forms
an arc shape. Here we define the arc length L(t) to represent the boundary of the drop covered by oil, as
shown in Figure 4 (b).

In Figure 4(e), we show the normalized spreading length L∗ as a function the normalized time t∗.

L∗ = L/[η21/(∆δ · ρ1)] (8)

t∗ = t/[η31/(∆δ2 · ρ1)] (9)

where η1 = 1.0 mPa·s is dynamic viscosity of water, ∆δ = 45.3 mN/m is the difference in interfacial ten-
sions between water-air interface and octanol-air interface, and ρ1 = 998 kg/m3 is the density of water.

All the data in Figure 4(e) were extracted from snapshots of fluorescence microscope experiments, with
ro changing from 220 to 434 µm, rw changing from 1376 to 1865 µm and the velocity of water drop con-
tact line vcl less than 0.1 mm/s. We find that L(t) increases with time, and all seven sets of data col-
lapse to one curve and are parallel to the reference solid line, corresponding to a scaling law of L∗ ∼
(t∗)3/4.

According to literature [39, 40], for Marangoni dominated spreading, the spreading length L obeys a
scaling law of L ∼ t3/4S1/2/(ρwηw)

1/4, where ρw is density of water and ηw is viscosity of water. The
consistency of this scaling law with our experimental results, further demonstrates that the spreading
behavior of octanol along the water-air interface is governed by the Marangoni stress.

2.4 Shaping viscous microdroplets by the receding contact line

When we changed the oil type from octanol to silicone oil, the viscosity, as well as interfacial tension,
were changed. As expected, the phenomenon was different from octanol droplets. As shown in Figure

8



2.4 Shaping viscous microdroplets by the receding contact line 2 RESULTS AND DISCUSSION

Figure 5: Experimental results for silicone oil droplet encapsulated in water droplet. (a) Snapshots for contact line passing
through a silicone oil droplet. (b) Different vertex angles of the silicone oil droplet at different Vcl, they are 3.57 mm/s,
2.68 mm/s, 0.77 mm/s and 0.44 mm/s, respectively. (c) Snapshot of multiple silicone oil droplets after contact line passing
through. (d) Vertex angle of the silicone oil droplet after contact line passing through as a function of velocity of contact
line.
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4 EXPERIMENTAL SECTION

5 (a-I, a-II) the contact line of the water drop was pinned by the silicone oil droplet, rather than slid-
ing immediately on the oil drop after the water contact line contact with oil drop. At one moment, as
shown in Figure 5 (a-III), the contact line of water drop depins and slides quickly on the oil droplet. At
the same time, the oil spreads along water-air interface under the Marangoni stress. In this process, the
shape of the silicone oil droplet evolves into a shape that is broad, triangular, and have smoothly rounded
edges, resembling the shape of the pectoral fins of a stingray. Next, we conducted the experiments with
multiple silicone oil droplets encapsulated in a water drop, all the silicone oil droplets are shaped into
similar shapes, as shown in Figure 5 (c). Changing the velocity of water-air contact line (vcl), we found
a negative relationship between vertex angle of the triangle and vcl, as shown in Figure 5 (d). This in-
dicates that we can shape viscous oil droplet by changing the moving velocity of water contact line. On
the other hand, the behaviour of viscous liquid drop under the Marangoni stress implies that those vis-
cous microdroplets may not be removed from the surface during cleaning.

3 Conclusion

A sessile oil microdroplet may spread or remain stable when displacing the surrounding phase from an
immersing aqueous drop to air. The morphology of the microdroplet transferred into the air is deter-
mined by the interfacial dynamics at the four-phase contact line of air-solid-water-oil. The oil micro-
droplet spreads along the contact line under the Marangoni stress at slower vcl (moving velocity of con-
tact line) and larger ro (radius of oil microdroplet) with the spreading distance following a scaling law
of 3/4 with time. The oil microdroplet remains stable, being transferred from water phase to air at a
faster vcl and smaller ro due to the capillary force. The transition from the Marangoni effect-dominated
regime to the capillarity-dominated regime is attributed to the competition between τs (the time scale
for water-air contact line moving through the oil microdroplet) and τM (the time scale for the oil micro-
droplet spreading on water drop). Without spreading out, a viscous oil microdroplet adapts to a charac-
teristic shape in response to the Marangoni stress at the contact line. The insights from this work may
help manipulate the oil droplets between immiscible phases in the applications for open microfluidics,
droplet-based extraction, decontamination and surface cleaning.

4 Experimental Section

Chemicals and Materials : 1-octanol (90% Fisher) and silicone oil (Aldrich) were used as received. Water
(18.2 MΩ·cm) were used as received. Glycerol (Fisher) was used to adjust the viscosity of water without
the significant change in surface tension [41]. Water soluble fluorescein isothiocyanate-dextran (Sigma-
Aldrich) and oil soluble nile-red (Sigma-Aldrich) were used in confocal microscope experiments to label
water and octanol, respectively. 3-aminopropyl triethoxysilane (APTES) (98%, Alfa Aesar) was used for
the surface modification of the glass slides.

Substrate preparation: High-precision cover glasses with three dimensional size of 60 × 24 × 0.17 mm3

was hydrophobilized with APTES by the following procedures. The slides were first ultrasonically cleaned
by using water and ethanol in sequence for 10 min each, and then were dried in a stream of air. The pre-
cleaned slides were further washed in piranha solution (30 vol% hydrogen peroxide and 70 vol% sulfuric
acid) at 80 ◦C for 20 min, and then were thoroughly rinsed with water. These cleaned slides were com-
pletely dried under the air stream and then in an oven with 120 ◦C for 1 hour. Then the slides were im-
mersed for 12 h into a 2.0 vol% APTES in toluene (99.5% Fisher). Next, the slides were ultrasonically
rinsed in sequence with toluene, ethanol and water for respective 10 min. Then, these freshly prepared
slides were baked at 120 ◦C for 2 h and the hydrophobization of slides was finished. Before use, the hy-
drophobized slides were washed in ethanol and water by ultrasonication for 10 min, respectively, and
then dried under an air stream.

Experimental Setup: Figure 6(a) shows the schematic of the experimental setup. All experiments were

10
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Figure 6: Experimental setup and typical results for octanol droplet in water. (a) The schematic diagram of the experi-
mental setup in front view; (b) Photo of the 3D printed frame for controlling receding velocity of water drop.

carried out at a constant temperature of 21 ◦C. A small 1-octanol microdroplet was firstly placed on the
APTES substrate by using a microsyringe. Then a water drop was directly deposited on the 1-octanol
droplet. The water drop was much larger than the 1-octanol microdroplet, completely covering the 1-
octanol microdroplet. An injection pump was employed to remove the water droplet with a steady flow
rate, making the contact line of the water drop to move towards the 1-octanol microdroplet. A high speed
camera (Photron HX100, Japan) equipped with a 5× objective (Olympus, Japan) was used to capture
the dynamics of these two droplets from the bottom view with frame rate from 1 kHz to 3.2 kHz. The
relevant physical and chemical properties of substrate and chemicals and the experimental conditions are
listed in Table 1 and Table 2, respectively.

The velocity of contact line is defined as the instantaneous velocity when three-phase contact line is get-
ting closer to oil droplet. When we need different velocities, we can control the flow rate by the injection
pump, and the expectant velocity can be calculated through the flow rate, the water drop size and the
deviation of oil droplet from the center of the water drop.

Confocal Microscopic imaging : 5 µM of FITC-Dextran and 5 µM of Nile-red were respectively employed
to label water and 1-octanol. The injection pump was not used here. The contact line receding of the
water droplet was realized by the evaporation of water. Laser scanning confocal microscopes (Leica Stel-
laris 5) equipped with 10× objective were employed to capture the dynamic process with frame rate of
50 Hz. 488/534 nm laser beams were respectively used to excite the FITC-Dextran and nile-red in the
droplets.
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