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Fig. 1. Infinite long liquid column simulation system.
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Fig. 2. Schematic diagram of water drop outline: (a) Scatter

plot of water drop boundary; (b) the distribution of dens-
ity along the center axis of droplet with height.
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Table 1. Mean and standard deviation of contact

angles measured on different base surfaces.
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Fig. 3. Comparison of contact angle between the experi-

mental results and the molecular dynamics simulational results.
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Table 2.  Mean and standard deviation of contact

angles measured in systems with different numbers of

water molecules.
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Fig. 4. Changes of contact angles over number of water mo-
lecules inside systems: (a) The relationship between the
contact angle and the number of water molecules in an in-
finite length liquid column system; (b) the relationship
between the contact angle and the number of water mo-

lecules in three-dimensional droplet system.

K R 75 S A AN FK 2 H
PR Z TR IR 5 BRI A A B, A A
filf g 2 iR, B 4(a) 40 T KRR FECH
PR ZR X RS AR B, e BN [R1K 2318 AR & 0
FrERE AR LT — 2, b 50K T H I
ToRHR, T Werder 2 24 R F 37 75 (92 O B0 2R
GRS B K (8 R IETT A0 280 b 4
FEEAR 250 UL 4(b), B AT LUR B T4k
PESK I 5N, B 7K 70§80 H RO Rl A JEE AR
/N AT DL, SR FH G FRA IR A O RRADL R 2R AT L
B FOBE RN 7 e Bk 7k T R e R R R G
BRSIEAERAIMA R, A5 o filT7 1) B R PR 2 2%
1, ABATE TR ALK 22 1 58 BET7 10 i 218 BTG
IR A A AT [5E] E2 A8 T )AT PR K, Al 5 B, it
I /KR S A2 IR 1Y, AT it 3R [k
Lk T1, TR A DT RE T g BOE 9 T0T5
R, XFERIURE Z M RO N LR 5K 1717 R A2

K 5 R RI Lk
0 W
2 YsL

5 R AL B 5 R B

Fig. 5. Schematic diagram of infinite long liquid column

Ysv

simulation system.
3.2 AEKRIRIEFE

AR SCRAEL T 7R B ZO0 0 T fr 800 AR
ANKIBRRIERES, K 6 4 T AR 7 H
PR 28 AR AR K FR Oyl b 3 v BE D7 1) B4 K 3
AL, B KB, TR R A7 SR T AR, TCiE
RN, 277 SR N — 2K 1
LR, IXRWIR 3SR A S8 R T Y S — 5
JESIE W — Z AR WAL, 20K T2 e £
SRR R B B K20 3.25 AL TS TR BE B A1 B
KA B4 1o BE 2B I — RO B AR B HE A, BRES £
BRI R I KRR 6.5 AL 2 Ko H R
o RE OIS I AT T ATl B AR A KRG o0 DI, 7
195 P R T5 ) K 31 OB BE A A T4 5, (AR
MR TRAEIE A BIGHIKR T IREE, e TeKiHil

086801-4


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. 68, No. 8 (2019) 086801
[ |
LI |
LI |
(=) 1444 1325 A (b)
° 1.2 71214654
g 1.01 g 1.0 A
B0 80
E 0.8 A E 0.8 : :
z 0.6 g 0641
2 041 5 oaili]
0.2 0.241 1
LN}
0 . . . . . . 0 . . . .
0 10 20 30 40 50 60 0 20 40 60 80
Height/A Height/A
e 1‘4- o
5 127 £
9] o
@ 1.0 1 3
> 0.8 N
pS P
Z 0.6 P
A 0.4 [a)
0.2
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Height/A

6 K O L 2 %5 18] ¥ K S B A R
(d) k5> ¥4 H A 8712

Height/A

(a) 7K 5> ¥ %0 H y 3528; (b) 7K 43 F %L H 2y 5000; (c) /K43 FH H 2 6728;

Fig. 6. Water molecule density distribution of the central axis of the water droplet along the z axis: (a) The system with 3528 wa-

ter molecules; (b) the system with 5000 water molecules; (c) the system with 6728 water molecules; (d) the system with 8712 water

molecules.
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Table 3.

O—H bond in water molecule and vertical base direc-

Frequency distribution of cosf between

tion in systems with different bases.
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Fig. 9. Frequency distribution diagram of cos® between
O—H bond in water molecule and vertical base direction in
systems with different bases: (a) The basement is copper;
(b) the basement is silicon dioxide; (c) the basement is

graphene.
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Fig. 10. The distribution of water molecules in different substrates: (a) A local view of the arrangement of water molecules on silic-

on dioxide substrate; (b) a local view of the arrangement of water molecules on a single graphene substrate.
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Fig. 11. Frequency distribution diagram of the angle between hydrogen bond in water molecule and vertical base direction in sys-

tems with different bases: (a) The formation of hydrogen bonds between water molecules and a single graphene substrate; (b) the

formation of hydrogen bonds between water molecules and silicon dioxide substrate; (c) cosine frequency of the angle between the

hydrogen bond on a single graphene and the vertical direction of the base; (d) cosine frequency of the angle between the hydrogen

bond on silicon dioxide and the vertical direction of the base.
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Table 4.
angles measured in different base combinations.
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Fig. 12. Contact angle on the substrate before and after graphene addition®: (a) Copper base surface; (b) silicon dioxide base surface.
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Fig. 13. The change of the distribution of water molecule density along the central axis of droplet after graphene was added to cop-

per base: (a) With graphene added to copper surface; (b) without graphene added to copper surface.
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Fig. 14. The change of water molecule arrangement on the surface of substrate after adding graphene to copper: (a) Frequency dis-

tribution of cosf in water molecule closest to the substrate and within a thickness of 1 A after graphene added on the copper base;

(b) frequency distribution of cosf in water molecule closest to the substrate and within a thickness of 1 A on copper base; (c) alocal

view of the arrangement of water molecules on copper substrate with graphene added to it; (d) a local view of the arrangement of
water molecules on copper substrate.
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Fig. 15. Change of the distribution of water molecule density along the central axis of droplet before and after graphene added to
silicon dioxide base: (a) With graphene added to silicon dioxide surface; (b) without graphene added to silicon dioxide surface.
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Fig. 16. Change of water molecule arrangement on the surface of substrate after adding graphene to silicon dioxide: (a) Frequency

distribution of cosf in water molecule closest to the substrate and within a thickness of 1 A after graphene was added on silicon di-

oxide base; (b) frequency distribution of cosf in water molecule closest to the substrate and within a thickness of 1 A on silicon di-

oxide base; (c) a local view of the arrangement of water molecules and hydrogen bonds on silicon dioxide substrate with graphene

added to it; (d) a local view of the arrangement of water molecules and hydrogen bonds on silicon dioxide substrate.
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Fig. 17. The change of cosine frequency of the angle between the hydrogen bond on the base surface and the vertical direction of the

base before and after adding graphene to silicon dioxide: (a) Silicon dioxide with a single graphene above as the basement; (b) silicon

dioxide as the basement.
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Abstract

Graphene has received a lot of attention for its excellent physical and chemical properties, and the unique
wettability of graphene is still under investigation. Most of previous studies focused on graphene or carbon
nanotubes, and less of them on the comparison of wettability between graphene and other materials to reveal
the characteristic wettability of graphene. In the present study, the wettability of monolayer graphene, copper
and silica are studied by using the molecular dynamics simulation, in which the contact angle and the water
molecule arrangement (i.e. density distribution and angle distribution of water molecules) on the substrates are
analyzed. The results show that although both copper and graphene are weak hydrophilic materials, there are
two neat layers of water molecule structure on the surface of graphene, and water molecules are disordered on
the surface of copper. Silica is a kind of strong hydrophilic material and graphene is a kind of weak hydrophilic
material, but both of them have two layers of dense water molecule layer, which are in different states, on the
surface. On the silica surface, the two layers of water molecules, whose densities are greatly different, are close
to the substrate, and hydrogen bonds are randomly arranged, which is very different from the arrangement of
water molecules on the graphene surface. By making a comparison of wettability among the three materials, the
characteristic water molecule arrangement on graphene surface is obtained: there exist two layers of water
molecules on the surface of graphene. Within the dense layer of water molecules near the substrate, the angles
between the O—H bonds of water molecule and the vertical direction of substrate focus on 90°, while the
hydrogen bonds on the surface are almost perpendicular to the substrate. Furthermore, it is found that adding a
layer of graphene on copper (the main force between water molecules and copper is van der Waals force) will
have a less influence on copper wettability. However, adding a layer of graphene on silica (the main force
between water molecule and silica is from chemical bonds) will have a significant influence on the wettability of
silica, i.e. not only the upper contact angle increases significantly, but also the arrangement of water molecules
on the surface of the substrate becomes similar to that of graphene. These simulated results are found to be in
agreement with the experimental results of Rafiee et al. [Rafiee J, Mi X, Gullapalli H, Thomas A V, Yavari F,
Shi Y, Ajayan P M, Koratkar N A 2012 Nature 11 217]. This work can provide a theoretical guidance for

further developing the applications of graphene in microstructure design.
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