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Fig. 1. Two kinds of graphene nanochannels: Initial simula-
tion systems of the ESC model (a) and BPC model (b), re-
spectively. The inset shows the partial enlargement of struc-

ture.
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Fig. 2. Schematic diagram of calculating contact angle of

droplet on the surface.
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Fig. 3. (a) Evolution of the number of water molecules in the nanochannel of ESC (red) and BPC (blue) with time, insets I, IT are

the simulation snapshots of the final infiltration states with ESC model and BPC model, respectively; (b) final infiltration states of

ESC and BPC models with different sizes of water droplets.

196101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 19 (2022) 196101

50

o/nm
o
=]

(a) — Basal plane (b)
—— Edge surface

0 0.5 1.0 1.5
L/nm

2.0 Contact angle profiles

B4 (a) s hi BT () FIAS I (L0 60) BTSN, LoVTE B T2 ST iR ; (b) /K102 & 2 IS A 31 28 B Ao

B fe B

Fig. 4. (a) Area density of graphene basal plane (blue) and edge surface (red), L is the statistical thickness perpendicular to the sur-

face; (b) contact angles profiles of water droplets on the laminated substrate and the array substrate, respectively.
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Fig. 5. Potential energy of water droplet infiltration nano-
channel of ESC (red) and BPC (blue), respectively.
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Fig. 6. Energy evolution in the process of water droplets infiltrating nanochannel in two systems: (a) Van der Waals interaction

between water and nanochannel, Eyqwsor-c)y; (b) Van der Waals interaction between water and water, Eyqwsor-sor); (¢) Coulomb

interaction between water and water, Ecoysor-sor); (d) sum of Van der Waals interaction between water and nanochannel and Cou-

lomb interaction between water and water.
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Fig. 7. (a) Surface tuning factor A as a function of the intrinsic contact angle of the surface, the inset shows the initial configura-

tion of the nanochannel (without water droplets); (b) the wetting phase diagram, the effect of interfacial tuning factor A\, and wall

tuning factor A on the infiltration of water droplets into the nanochannel, insets I and II represent the final infiltration state of the

region, respectively.
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LB . PSR AL(b) JBIR T ASFIFL BRI 2 T 1 0,
A LVE I TEFT IR BEYG R , FLEBRIR XK iR 5 T8
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Infiltration characteristics of nanochannels composed of
graphene sheets in different directions’
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Abstract

The infiltration of water droplets in nanochannels is of great importance in microfluidics. In this paper, two
types of graphene nanochannels with different wall structures are constructed based on the experimentally
reported graphene structure, and the infiltrations of water nanodroplet in the two nanochannels are investigated
by performing all-atom molecular dynamics simulation. It is found that the two nanochannels with the same
size, composed of different graphene arrays, exhibit completely different infiltration properties: water droplets
cannot infiltrate into the multilayer stacked channels, but can wet the vertical array channels spontaneously
and completely. By analyzing the structures of the two nanochannels, the novel phenomenon is mainly
attributed to the difference in wettability between the inner surface and the outer surface of the nanochannel.
From the perspective of energy, the potential energy of water droplets in the multilayer stacked channels is
higher than that outside the channels, while the potential energy of water droplets in the vertical array channels
is lower than that outside the channels. Therefore, water droplets can spontaneously infiltrate into the latter
ones. The van der Waals interaction between the droplet and the channels and the Coulomb interaction inside
the droplet play a dominant role in spontaneously infiltrating the water droplets, while the van der Waals
interaction inside the droplet has little effect on the infiltration behavior. In addition, through a series of
simulations of water droplets wetting the nanochannels with identical inner surface and outer surface, the
wettability phase diagram of water droplets infiltration into nanochannels is established, which represents the

general law of water droplet infiltration into nanochannels.
Keywords: nanochannel, water nanodroplet, wettability, graphene
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