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Effects of Nanostructures on Surface Wettability :
A Molecular Dynamics Study

Gyoko NAGAYAMA™®, Sei-ichi SHI-IKI and Takaharu TSURUTA

*3 Department of Mechanical Engineering, Kyushu Institute of Technology,
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The nanostructured surfaces have attracted much attention owing to its possibility of changing
surface wettability as well as the enhancement of interface heat transfer ; however, the mechanism
has not been clarified yet. In this study, molecular dynamics simulations have been carried out to
study the effect of the nanostructures on the wetting characteristics at the solid-liquid interface. The
simple Lennard-Jones (L-]) liquid droplet is placed on a solid surface in a shape of molecular-scale
unevenness with different height and spacing. The wettability of the solid-liquid interface is
examined with evaluating the contact angles at the three-phase interface. The results of the
measured contact angles demonstrate that the nanostructures could strengthen the hydrophobic
properties for a partial wetting condition, while it is insignificant in a completely wetting case.
Furthermore, we compare the results of molecular dynamics (MD) simulations with the classical
descriptions and discrepancy among the results is found. A modified description of contact angle in
consideration of molecules filling ratio among nanostructures was proposed.

Key Words: Nanostructure, Surface Wettability, Contact Angle, Molecular Dynamics Simulation

L # &

BEfEREIZ T DB L, B - K - Ko
MR THY, KEBEOLBHLBMDL LT, EX
SETHRWVZEREZED TS, BELHET 5
2id, REEZCFAICQEY D ke, REOMILD

7o T, ) BHEGIC Lo TREDGEERE 2
UL LT2BEBHY, EEHFIBNTHT/
A=V OIENBIR & S TARECORTISRETI L
BEREIZ DWW TELLSE E o T A,
BEEREOENMIZOVWTIY, 183k, Fih Lowkig

BESWEYER 0B CRHE T 3 BN HD. HBEI
DWW, T8, MEMS (Micro Electro Mechanical
Systems) EHFMHIIN LEM DO RIZ LT, EEEK
2 WSS HAEME L, FOZEBIRAr—N %I 1
Fi3F ) A—F— Tl 5 Z & TREOBKME
T 2B S B FESR S TE =09,
BIziE, vV o BERER IR LRI T 7
AT AEECR— T A, HT7AEM ECER U
T B OB R O BRI LM T

* EREEAT 2006 4211 A 22 H.

R, AN T3 A T8 (S 804-8550 4L AU i F AR Al

Sy TR

) ],

E-mail : nagayama@mech.kyutech.ac.jp

DA EE A V- < 7 R EHE GRS LT, 1805
W FR SNz Young DERAE ST B0,

Ysi —Vsv + V€086, =0 1))

TIT, Ve Var Pl FRENES, Bl &

ROBOREE 1 HDDEERE=RNF—EFL, B
kI E - & BORE RNV —DDY HUVTHRHB
Ehb. REBENENEICE X BB OV T,
1936 4EIC Wenzel 23 1 IR TEFAZRE LW,
BB OEL, BEBED T A—F—r 2L T
BExh5.

cos @, =r'cos b, )

— 176 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

7/ NS O TR VR B 3 2 5 T B HORTS 1085

vapor Y

(b) Wenzel’s model cosf,, =r'cosd,

(c) Cassie-Baxter’s model
cos 6, =D cos &, + (1~ P)cos 180°

Fig.1 Classical descriptions of contact angle.
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Fig.3  Size parameters of nanostructures at the solid
surface.
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Table 1 Simulation cases and measured contact angles.
Nanostructure Parameters [nm] 0 [t5deg] (a=0.14)
Cases b h s=a+b D=pjs r=- +32h B=1.0 B=05
flat - - - - Oorl 1.000 0 60
(a) 3.054 2.776 0.453 5.830 0.476 1.156 0 65
(b) 3.054 2.776 0.907 5.830 ,0.476 1.311 0 62
(c) 2221 0.555 0.453 2.776 0.200 1.327 0 79
(d) 2.221 0.555 0.907 2.776 0.200 1.653 0 86
(e) 0.555 2.221 0.453 2.776 0.800 1.327 0 73
® 0.555 2221 0.907 2.776 0.800 1.653 0 71
(2) 1.388 0.555 0.453 1.943 0.286 1.467 0 87
(h) 1.388 0.555 0.907 1.943 0.286 1.933 0 86
@) 1.110 0.833 0.453 1.943 0.429 1.467 0 87
) 1.110 0.833 0.907 1.943 0.429 1.933 0 95
) 0.833 1.110 0.453 1.943 0.571 1.467 0 86
M 0.833 1.110 0.907 1.943 0.571 1.933 0 92
(m) 0.555 1.388 0.453 1.943 0.714 1.467 0 82
(n) 0.555 1.388 0.907 1.943 0.714 1.933 0 85
(o) 0.555 0.833 0.453 1.388 0.600 1.653 0 95
) 0.555 0.833 0.907 1.388 0.600 2.306 0 93
@ 0.555 0.555 0.453 1.110 0.500 1.817 0 98
(r) 0.555 0.555 0.907 1.110 0.500 2.633 0 105
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Fig.4 Snapshots of the structured surface for Fig. 5 Snapshots of the structured surface for
=0.14, B=1 (hydrophilicity) 0=0.14, B=0.5 (hydrophobicity).

10
@ N . o ) _ . o’ : :
g o0p-jiaed fgat b b3

L ] * L] *
-05
-1.0 \ . . . 1 . . . ; . . . . L .
0 1 2 3 4 50 1 2 3 4 50 1 2 3 4 50 0.5 1 15 2
a [nm] b [nm] s [am] h [nm]

Fig. 6  Effects of the nanostructures on the contact angles at the surface of a=0.14, =0.5.
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Fig.9 Potential energy distributions at the solid-

liquid interface.
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