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Abstract

The wetting and motion of droplet are natural phenomenons, which have widely applied
in biochips, condensation heat transfer and inkjet printing et al. As the development of
nanotechnology, the wetting and motion of nanodroplet exhibit a promising application
prospect. However, the study on the wetting of nanodroplet was scare, especially on the
wetting of wetting gradient and heterogeneous surfaces, and the wetting mechanism was still
explicit. Due to the size effect, the wetting behavior had essential difference between
macroscopical and microscopic droplet. Therefore, it is necessary to develop the fundamental
research for the droplet wetting of wetting gradient and heterogeneous surfaces. Hence, in
this work, molecular dynamics simulation was employed to study the wetting and motion
behavior of water droplet and the mechanisms were investigated as well.

When the water nanodroplet was put onto the wetting gradient surface, it could
spontaneously move from the hydrophobic segment to the hydrophilic segment. Detailed
observation revealed that the motion of nanodroplet included spreading and shrinking
processes, and a precursor film forming on the -NH, segment played a pivotal role on the
transportation of nanodroplet. The microscopic motion mechanism was discussed, and the
intricate and intriguing effects of Ebind and Ewater were analyzed to unveil the driving and
resisting forces. Furthermore, the modified segment width and wetting gradient were also
discussed, and the results unraveled that the narrow modified segment and large wetting
gradient promoted the motion of the nanodroplet.

The study on the wetting behavior of water nanodroplet on the heterogeneous surface
indicates that with the increase of water droplet size, four different adsorption processes
possessing distinct characteristics, i.e. spreading, restricting, vibrating and slipping, are

presented. The detailed adsorption processes and some microscopic parameters including



contact angle, density distribution profile, interaction energy, etc. are proposed to unveil the
wetting mechanism. Our research indicates that the strong restriction originated from
hydrophilic patch plays a pivotal role in the adsorption process when the size of water droplet
is small (R<19 A). As the water droplet is large enough (R>19 A), the influence of
hydrophilic patch is largely weakened, and the wetting behavior is dominated by the

hydrophobic surface.

Keywords: water droplet, wetting gradient, motion, heterogeneous, wetting, wettability,

molecular simulation
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I EWSAT, 38w LAEEAEL 231 IR S LA BN ASAT A, JF ol RIS ok 1K1 B
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Gy ISR, SRBEME RSB T R R 2 Rl o B O R R B MRS
i B RSz MR DL S B 5 . Horh LU RS2 s BRI N B T2, S
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Y5O 0 D) FH B R~F -k 98.2 Ax58.8 Ax18.9 A il A ALEEME MR . RG]
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SR, J8H Fan and Cagin® V7 ikt 5 /K 763X 4 AN 1 B Pl il b o 45 1
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SiOp B b LA R T 857K R ) AR5, WE x Bl i), 43 Bl A-SH, -NH, il -OH
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Bl 3-1 “VEB B BRI VKR R . SLRMBERIL: CHRE;, 5 Si M CHER O W4t
KT O NI, S, N I, Si AFRE, H ARG
Fig. 3-1 Preparation of initial configuration of water droplet on the wetting gradient surface. The
atoms are colored as follows: C, purple; O connected by Si or C, red; O in the water droplet,
aquamarine blue; S, yellow; N, blue; Si, orange; and H, white. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)
3.2.2 tREIMTS
A F R I 3 1 E A R COMPASS 137 kvt I TRz st 4, %)
ORI AR AL AR A AR, T BRI O A 5((3-1):
Epo = Zb:[kz(b—bo)2 +k,(b—by)* + k4(b—bo)“]+zgl[k2 (0-6,) +k,(0-6,)* +k,(0-6,)"]
+Y [k, (1—cos ) +k, (1—-c0s 2¢) + k; (1—cos3p)] + D K, z* + D k(b —by)(b'—b;)
+Z(p:k(b—bo)(¢9—90)+Z(b—bo)[k1 cos@+k, cos 2g;+ K, cos?:;]
+§ (60— 6,)[k, cosp+ I:;cos 29+, cos3p]+ D k(60— 6,)(6' - 6)
0.0 bo

+ Z k(e - 90)(0' - 0(;) Coso + Eele + EvdW
6,0,p (3'1)

o, Al AL AR R B B e ST R, T U A = >

i>]j rij

2_1)9_3(:1)6]%5& R R EH(NVT) FREATRRL S, R0

Eaw = Z = [2(

Wi A 298 K. iz ] Velocity Verletl®®V5y sk g 2 iz ) 7 12 HLINH A0 KBl 1 fs,
1 ps 03— AR R B o 335775 R Il Andersent®®ME R, o i 4640 B 45
FIF] Atom Based 114, #4500l 4 9.5 A, Ab T8 242 2 AMEI 43 1 1A FH HAE F 4%
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SIS B FE AU AT E o A T RE KRR A BRI SR, AFIE T Ewad
TR IRPECAE N, e R b, 2 B B S T A0 2 0 R (4R 3 AF 3 3
FEE T LIS, BT LARR T 21 ff1-CHoCHa, -CH,SH, -CH NH, FI -CH,OH 41, HAth i
JE IR 52 o [, -CHa, -SH, -NH, F1 -OH JEJ1 p (1 Ji 747 KN, 34951736 3-1
o WeAh, kTl G = Y S AR R R R R A TR, BRI [ T 1
BT 6 nm EMIEAEE. Ba, AT 2 ns T8 1 ERERIE S, ns )5, WRE I EITE
298+10 K ulH N, BEfEIMZE(E 0.5% /4, KWIARRCEEHE, HUEFES Ins #HATI
FPE), RIFES RS- FME, IR .
% 3-1-CHj, -SH, -NH, and -OH k% C, S, N 1 O JRFH s Ay

Table 3-1 The electrostatic charges of C, S, N and O in -CHjs, -SH, -NH, and -OH functional groups

Atom C S N 0]

Charge (e) -0.159 -0.316 -0.893 -0.570

3.3 #R51E
3.3.1 A E IR AE E R AR E BT 72

&1 3-2 i3 1 AR AR R P AN R I 20 PR TR 2 o ST, AR R A ER TR A (Ops .
SR 0 T AR B A 22 T L PRSI 4 R K(400 ps), [FIR, /K4l R ) T -SH
Sve BEEKHE B, HARPMERA T -NH, 35, BN FRATR B & —
KA AR A 2] T -NH, R IK T — MR K700 ps). 3 AL A AT
TR B IR 3 1A, 2RI K 43 7 ELAT KR AN AN S AN FURE EL AR, i
KA TARARE b TARVE IR AR A8, SR AR e IR T K 43 T RR A K 45 7%
PR FE KR R -NH, R T2 1) (R 3R 5| A 453 03 2 T K 2 TSGR, TERR T — 2
RS TR R A, BRI . S AL, AT IR A AR A AT 2
JEE P A B (RO, 2 T LA AR P g Y,
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(d)1000 ps

(b)400 ps

Bl 3-2 ZKIAENRERAL BER T LIES) AR N ZIMARE M .. A f, /e, Bemaasin
#-CHjs, -SH, -NH, fil -OH B&:H
Fig. 3-2 The side view and top view of the structural evolution of water droplet moving on the
wetting gradient surface as a function of simulation time. Burgundy, yellow, blue and red represent
-CHa, -SH, -NH, and -OH, respectively. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Hardy 55— I T AL [ AR T e o i SR A 7. FEIX )5, IRZH
SRR R MBS RS BT ST EIE S T Hardy (RTIRIEEEETO™, Zhao 25 A it it
A H R SRR ST IR, A DT SO (1K 501 2 T ] LA I — 4E 1Y) L =
IS , IX PP SR HIAE Ko AE R SR AT g o AEARSC AR, JRATTRERST T
HTgR P ) LB, JLA ST 3-3 (b)o AAIET 3-8 (b)rl %, EFRATMI AR, BB T
AN YRS, AR YR, BTRTIRBEI AR R BT L RAT IR 5,
I AE Zhao B TARH,  AbAT I B A2 0 Jt 1 e i) 0T, IXFEEAEAS Au 1
P ERANRERR BN o IR P KK 7 7 AR R TP st I, IR T sk
WA < B A ABRAR S T BE e A 2 A5 /K 20 1A R R HE AT E <8 Jst 7 2 11,
TERARHOEE ) e S5 PRI, AEBATRCAR T, i TR R R 5=l BLE hiss),
AR T IFABERUE I T N s Z [ rh, M2 RERE N R riss), Hlixet
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RS R K 70732 1) T [ AR 1 PR Bl Y LRSS o 5 263 B30T BRI R 7K 70 IR R T
AR TE R I R

(a) — surface molecules  (}y)

side view

top view

Bl 3-3 (a)/K 7> FAERT IR BRI . AR ARIRRIE 2T AETIREE; (b)iT KBS HBs &4t

FI U B AR AL I

Fig. 3-3 (a) The slipping process of water molecules on the precursor film. Black and purple respect
surface molecules and precursor film, respectively. (b) The side view and top view of 3D HBs
network in the PF. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

FESEIEA b, G WS AT AR A R A4, BATREL T — RIS — “ Ko 1 AE T IX
fi EAf 7o HTE 3-2 ()T LALEE R, A YRR i 8 oA — AR, XSRS K
T A TR K 731~ S Ty B9 8 RIVAT AL ) 7K 23 AT DAV A R ok, i B dok 4y
T BRI T K 7 R U P ICBE R, i KR Bt 1K 7> 7 1iesl. AN, 24T
S T AR A X AN I RE K 2 7 (32 shBLIE, AT T 700 ps 22 900 ps (1) =M
A, Wik 3-3 @)Fr7c. HIsLE AR, AR K AIAEAE 700 ps I TR, Bt i 2 i 1 7K
Iy REITWER, U AT NI, R BERAE R LIRS . KRRz sl s
2o AR A 7K 3 5 RS AN (1 AN SIS T 7 7 2K . #E 830 ps /Ay, IXUEIK
35 TR SN B T 0 AR L 1 I 1A B SRR F 23, AN 1 A SR I 5 o e 2%
1t 900ps I AT GKARI 2K o A BHIX LK I 1 1IE 5l HEAS Kt B 2 U i Bf B i
. BEAE R A 5, MR BB EE T-NHy A1 -OH (134 5t . |1 T /Kii£E-NH, H1-OH
R _E Al A 2030 28°F1 23°, DAL IX PR & I 2 W) (AR BLAE HTE-PAR TR, P
Foft 28 DX 7RG 2 T 7K 731 IR 5| I ARBEAE B LA SRR AL 2 1T R E 11 4 -OH )38 73

19



F=F KBARIRHEADBHT AL

e M5, PRGBS R, ARk MRS, B AT B [ A 1 1 e
4% (1200 ps). ML, HIP 1200 ps #2000 ps 2 1], 7K 76 K2 FANE Rk 2, 4R
TS T 7K i 3 1 7K AT R s A I Wl iR 2l o BRI IX 45 S BOK i o 2%, 3K
TERIK 23 18 WAL iR AR TR, 7 2000 ps I, A4 Rk BPHRRAS .

AT s BRI ROKI I LT B, BATE X T 3 A4 4 X form, K
TR L WG Y 87 mp K58 B W W8 Z 87w, KIS He AR
PO FE KA Ly 5% WL H BN A AR o R 81 T K] 3-4 v

65
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A e
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Fig. 3-4 Geometrical change of water droplet in Fig2-2 along with simulation time
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452 0k ZEIXANERE A, AR R K2 7E 800 ps 21| 1000 ps 22 [l 7K 37 ) 55 & 484K 1 AE
Pho I 3-2 T4, 800 ps Z i, 7K EARES AL T eI -SH I F, I
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Fig. 3-9 The motion of water droplets on different modified gradient surfaces. (a) and (b) Respect the

different modified width with 4.5 nm and 9 nm, respectively. For clarify, we take part of the surface

when the modified width is 9 nm
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The atoms are colored as follows: O, red; C, gray; N, blue; Si, orange; and H, white
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Fig. 4-7 The top views of the water molecules near to surface and the side views of water droplets on
heterogeneous surface. The radius of water droplet is listed at the left corner of each snapshot. For
the top view, the water molecules are colored as yellow. For the side view, the atoms are colored as

follows: O, red; C, gray; Si, orange; and H, white
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Fig. 4-8 The top view of water molecules located at the bottom of the droplet with radius of 8-11 A
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Fig. 4-9 The adsorption process of water droplet (15 A ) on heterogeneous surface
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Table 4-1 The Self-diffusion Coefficients of Water Molecules on Different Surfaces
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Fig. 4-10 The adsorption process of water droplet (18 A) on heterogeneous surface
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Fig. 4-11 The density distribution profiles of water molecules along z axis on heterogeneous surface

as the droplet radius are 17 A and 21 A
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