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Abstract: A numerical study, using the molecular dynamics simulation method, was carried out to investigate the
wetting characteristics of water droplets on a solid square pillar surface with variable periodic edge length patterns at
the nanoscale. In this study, the pillar plane was supposed to be rectangular or square shaped. In addition, the surface
area was increased while the shape of the pillar plane was kept fixed. In the case of the square pillar, the edge length
increased from 4.24 A to 12.72 A. Also, the rectangular pillar had two types of length edges. In this case, one edge
length was fixed at 8.48 A and the other edge length was increased from 4.24 A to 12.72 A. Through these length
changes, the hydrophobicity and hydrophilicity of a water droplet on the variable pillar surfaces were analyzed.
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Fig. 3 Schematic view (top view) of pillar patterned
surface : W_ is x-direction pillar edge and W, is
z-direction pillar edge
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Fig. 4 Schematic view (top view) of variable unit pillar
structure and each structure’s ratio of pillar area
(a) Ratio of square pillar structure (0~56.25%),
(b) Ratio of rectangle pillar structure (0~37.5%)

|

3 661

22 ALt ME HE

HoAGo M= 7] AH o072 FCC(Face Centered
Cubic) TZZ ZFEE 26,000~75,00071¢] 114 £
A2 2.12A 9 Ao wjdslih AA FAd
2332Ax2332A 9] A7]¢] Hd 9l A 1H
o AMZF 7lsEe] viEd Ao R Fo9)
7t 7159 gL AAAE Y AAgg ez Mx
SHRITh i ATl A AREgE AFZE 7]F ] A W
4 Fig. 33} o] W] W 7159 el do
A W, w9k 7159 =old H7F Ut

Fig. 4(a)¢} 2ol BAMAE 7|5 7 e o]
E 424A, 848A, 12.72A R Z7MA7]=H o] o
B E S 2 e ook woo] Hole= #ow W
o] Z7te| uwie} WAH T} 6.25~56.25%<] H|E=E
S 7tk Fig. 4ok 2 AAAE 715 A4S
w.oF w.e] o)zt trE oju) 3 W w, dol=
8A8AC R AAZIAL v g W oo HolE
424A, 848A, 1212A R Z7MA7|H 7% 8 Ak
Has FAC wo dol: AT oe] glomz
w.el Aol7b F7hgkel wet AAN7F 12.5~37.5%
2 Wsleith E3 7)F PR olye}t 7] F o
ol HX 424A, 848A, 1272A % Z7HA17]H o]
of W S EA WsEs #AAs AL 3
of glo & Aol 27] 1A= Fig 59 2ol A4
FSHAR AAsIlon, A8 & A9 F
= 3921700tk Alzte] Aol uwhel & oA o]
7l'e FREEC EAEte #Hi A= "oxH,
a2 AARE d4S AT AR s 4

oL _|>L _IE FlO ro

¢

—

S8 GFES NVT F4E(EA, 2 2d)0,
EEWAA A= A 4 20602

velocity Verlet algorithms AF8-3F3ATE Al ~E19] =
L Al 298KE A Zl o, A9t FEHA
Hlol E&A7]7] 918k Snsst AAHS ekl
o AR ks 5, F ARE AIZE 5ns©] mEA[EE Ins
&<k 2ps (HA ] & A& HolHES $A Y st
AH-&3FoA

Fig. 5 Initial state of water droplet on a nano structure
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(b)

Fig. 6 Density field of water droplet and pillared surface
(a) Definition of contact angle, (b) Measurement
points of water droplet for contact angle
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Fig. 7 Snapshot of water droplet on a plane surface
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Fig. 8 Snapshot of water droplet on a surfaces with

variable height. : (a) H=4.24 A, W=424A, (b) H
—424A, W=8.48A, (c) H=424A, W= 12.72
A, (d) H=848A, W= 4244, (¢) H = 8.48 A,
W=848A, () H=848A, W=12.72A, (g) H=
12.72A, W=424A, (h) H=12.72A, W, =8.48
A, (1) H=1272A, W=12.72A, (H : pillar
height, W: z-direction pillar edge)
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Fig. 9 Contact angles for different square pillar height :
x-axis shows z-direction width of pillar and y-
axis shows each case’s contact angle

HAHo] Hyd} olF= HFEZS 113.7°, 108.9°,
118.1°, 121.8°2 ThA Aty Z7stc). 7159
Fo]7F 848AR%1 AFAANLE mzZHAE W oW, 9
Zo)7} 0, 424A, 848A, 12.72A 2 Z7}8te whgt
113.7°, 111.86°, 118.86°, 127.81°& ThA 7HAFTh7}
Al S7heteh gk Haboll A o], W Zo]
7b ZA7F 424AQ9 22 A719] 7)E FEEC] F
ZhEHA & Ao figh ] Qo] ezt
ol® Qla = wAEo] 7T FoE HA =
W5 A HEFZbo] Zopxith, WA, 7w W
o] Zol7} 424A°0H 1272A% HA FIsE=E
AE5EZAE A F7he ol W w8 HAol7t +
7hghel wel 7)Fe] FFeo] FolEWA A
= A F7F FAast] wikolth

S, 715 ol H7F 12.72A9 AS
7} 424A, 848A%1 ZAg-oF W= HF7H
A F71e §H ZAadh ol B Ay
Abolel A7t Hol Hato| o3k Qo] &
of S FA Ko7 wWEelty. 759 ¥
olo] 424A A 12.72A% Az} FrtelA B AF
o] HA o] F= HFHZHE 139.6°, 135.3°,1282° =
AR Fraske Fdol vEhdrh ol 7]Ee] 1t
=o] FolEWHA xWol FxEo] v HHg I
s 2
Mol HEZboll 77k A= Aol

o 2

o oy (T
(N AN )

Fig. 102> AAMe F2=5 2he F3 A
o] & HHo] A5 EAS 3L dAFS Fx
S HoF= adolth. adeA B 4 % 4
A 75 AS AAAE Ve g xier
of W w, e} kel W owe] ZAolrl =y E
AT M+= H w9 ZdolE 848A R 1LA3 AL t}
2 3 w,o] ZolZ 424A,848A, 12.2A% =

=

)

W3 oy GelolAe] B 9lo) B Ay

Fig. 10 Snapshot of water droplet on the rectangle pillar
surface



664 - A
ol th2A vepdo. webx Zhzbe] 4] 3
A Ayt tiste] x-py ©AI yz THOA Y &
NAo] Fe g TAldl AT H k)

Fig. 11~132 ZAAE 715 Ha oA &
AAe] FHE xydHH yz DA HERH A
o]t} Fig. 11(a)~(c)= 7159 o] H7} 424A<

o s ¥ o 848A % 1A A tE s W
w.ol dolE 424A°AM 12.72A% ZF7MAFHES
E Ao gJHE HAFTh o] A5 7|59 EFo
H7} 424A% & A3} Faae] Agrp 7137
wjol] Hyte] = HA tigk Ql=o] HahA
g3ty 1 A 5 EAEC] VS (HHoR
5o Wenzel JEHIE YeElATE ALY g
w.ol Aol7k F7rstel wel 7]se =oR
HE & A F7F v fHAstiA B 44
FHl= AR FFo TR,

Fig. 12(a)~(c)= 7159 Eo|l H7} 848AYd W
2IALZEE e i W, 2] dolE 848A R A A]F|AL
e 3 W oo Aot 424A0A 1272A8 =

=

BT P D)

P - -y o

(@) (b) (©

Fig. 11 Snapshot of water droplet on a surfaces with
variable height : (a) H=4.24 A, W,=4.24 A, (b)
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Fig. 12 Snapshot of water droplet on a surfaces with
variable height : (a) H=8.48 A, W,=4.24A, (b)
H=2848A, W,=848A, (c) H=848A, W,=
12.72A
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