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Fig. 1. Schematic diagram of experimental device.
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Table 1.  Surface/Interfacial tension o (in mN-m!).

SDSYA IR / (mmol L 1) 5 6 7 8
Fmsk S
HIEAbeA ik A

33.19 32.82 32.62 34.53
6.52 6.29 6.56 6.60

*2 HIRRES

Table 2. Spreading coefficient S.
SDSYA IR / (mmol L) 5 6 7 8
S -0.13 -0.27 -0.74 1.12
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Fig. 2. Initial spreading state of n-hexadecane on the surface of SDS solutions with different concentrations (scale bar = 2 mm).
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Fig. 3. Spreading process of n-hexadecane on the surface of SDS solution (8 mmol/L) (scale bar = 10 mm).
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Fig. 4. Schematic diagram of the driving effect of silicone
oil. 1, 2 and 3 are driving solvent (silicone oil), driven
solvent (n-hexadecane) and aqueous substrate (SDS solu-
tion), o023 and o012 represent the interfacial tension
between n-hexadecane and SDS solution and between silic-
one oil and n-hexadecane, respectively. Vo represents the
interfacial tension gradient, and AP represents the pres-
sure gradient.
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Fig. 5. Schematic diagram of the driven-spreading stage of
n-hexadecane.
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Fig. 6. Variations of the spreading radius R of n-hexa-
decane on the surface of SDS solutions with different con-
centrations before instability occurs. The driven-spreading
scale rate of n-hexadecane is 0.73, 0.80, 0.82, and 0.83 on
the surface of 5, 6, 7 and 8 mmol/L SDS solution, respect-

ively. The yellow line is the theoretical rate of 0.75.
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Table 3. Experimental values of the fastest grow-

ing wavelength A, the radius re and Ag/rc.

SDSIARHEE /(mmol-LY) 5 6 7 8
As /mm 3.38 312  3.04 3.79
re /mm 0.36 0.32 0.31 0.41
As/Te 939 975 981 9.24
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Abstract

Drop dynamics at liquid surfaces is existent in nature and industry, which is of great value in studying
droplet self-propulsion, surface coating, and drug delivery, and possesses great potential applications in
microfluidics and biological process. Here, we analyze the role of Marangoni effect in the spontaneously driving
system by studying the driving effect of a low surface tension liquid at the liquid substrate on another liquid. A
three-phase liquid system is established to explore the liquid-driven spreading process, including non-volatile
silicone oil as driving solvent, n-hexadecane as driven solvent, and sodium dodecyl sulfate (SDS) solution with
different concentrations as aqueous substrates. The spreading process of n-hexadecane driven by silicone oil can
be divided into two stages. N-hexadecane is first driven to form a thin rim, and then the rim breaks up into
small liquid beads. Afterwards, the driving mechanism, spreading scaling laws and instability characteristic
parameters of the liquid-driven spreading process are analyzed theoretically. The analysis of driving mechanism
indicates that the differences in surface tension among silicone oil, n-hexadecane and SDS solution cause surface
tension gradient at the liquid-liquid interface, which plays a crucial role in spreading the n-hexadecane. The
results also demonstrate that the maximum spreading radius of n-hexadecane is affected by the concentration of
the aqueous substrate. When the concentration of SDS solution is lower than the critical micelle concentration,
the maximum spreading radius of n-hexadecane is proportional to the concentration of SDS solution.
Meanwhile, the scaling law between the spreading radius R and time t driven by silicone oil conforms to the
classical theoretical relation R () o t*/*. In addition, the classical analysis model is used to explain the instability
pattern of n-hexadecane breaking into small beads from rim in the liquid-driven spreading process, which is
called Rayleigh-Plateau instability. The fastest instability wavelength A and the constant radius r. of the n-
hexadecane liquid rim are related by As ~ 9r.. Our results prove the applicability of the spreading scaling law to
the liquid-driven spreading process, and also help to understand in depth the mechanism of the liquid-driven

spreading and the instability pattern in the spreading process.
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