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Fig. 1. Three types of graphene substrate modified
with nanorads (gallium is pale dogwood, nanopillars

is blue and grapheme is yellow).
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Table 1. Variation of contact angles and wettabilities
with different well depths.
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Fig. 2. Effects of € on the wetting morphology of Ga nanofilms on graphene surfaces: (a) ¢ = 0.5 €V;
(b) e =0.1 eV; (c) e =0.01 eV; (d) € = 0.007, 0.005 and 0.004 V.
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Fig. 3. Morphological evolution of Ga nanofilms with different thickness on the graphene surfaces: (a) Evo-

lution of z-z profile; (b) evolution of z-y profile; (c) Ga-C interaction versus wetting time; (d) retraction

velocity of Ga nanofilm in vertical direction.
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Fig. 4. Morphological evolution of Ga nanofilms on three types of graphene surfaces modified with nanorads:
(a) Ga/CNC; (b) Ga/CNT; (¢) Ga/CCNT; (d) Ga-C interaction versus wetting time; (e) retraction velocity of Ga

nanofilm in vertical direction.
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Abstract

Liquid gallium and its alloy with low melting point, low toxic and high electrical conductivity are used extensively
in burgeoning microfluidic and flexible electronic devices. The key to producing these devices is to effectively control
the wettability and morphology of liquid metal on the solid interface in different manufacturing processes. Based on
the Lennard-Jones (L-J) potential describing the solid-liquid interaction, the wettabilities of liquid gallium film on the
smooth and rough graphene surfaces are effectively investigated by molecular dynamics simulation which is an available
and powerful option in this field. Different regimes of wetting are discovered by changing the depth of the L-J potential,
and the stable contact angle increases with Ga-C potential depth decreases. The results show that the equilibrium
contact angle and the retraction velocity increase with the decrease of the L-J potential between the gallium and
graphene, showing that some properties change from complete wetting to hydrophilic and to hydrophobic. The L-J
potential depth obtained from the simulation results can be effectively employed to describe the interaction between
the liquid gallium and the substrate because the resulting wetting angle is extremely close to the experimental value.
When employing the most appropriate L-J potential, it is found that although the initial retraction velocity increases
with the proportional decrease of the thickness of the liquid Ga film, there are a few of differences in equilibrium
contact angle and final retraction velocity in virtue of the competition between the surface tension of the Ga film and
Ga-C interaction. It means that for the wetting state the film thickness is not the crux for changing the equilibrium
contact angle and retraction velocity based on a similar conversion of potential energy into kinetic energy. Finally, we
investigate the effects of the L-J potential on three rough surfaces which are patterned into three types of nanopillars
with different top morphologies respectively. Specifically, it is shown that in spite of similar surface roughness, the
wetting morphologies of liquid gallium deposited on various nano-textured graphene surfaces range from hydrophobic
to dewetting state, suggesting that not only the roughness but also the morphology of surface can exert an available
influence on the wettability of liquid. The wetting transition between the wetting and dewetting state can be achieved
dynamically by adjusting the morphologies of nanopillars involved although we still need to go into more detail on the

configurable way to fulfill the changing requirements.
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