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Investigation of Adhesion force between Cylindrical Nanowire and
Flat Surface through Molecular Dynamics Simulation

Hyun-Joon Kim'

Dept. of Precision Mechanical Engineering, Kyungpook National University
(Received September 9, 2015; Revised October 21, 2015; Accepted October 22, 2014)

Abstract — Adhesion force of nanomaterials such as nanoparticle, nanowire, and nanorods should be sig-
nificantly considered for its mechanical applications. However, examination of the adhesion force is limited since
it is technically challenging to carry out experiments with such small objects. Therefore, in this work, molecular
dynamics simulation (MDS) was conducted to determine the adhesion force between a nanowire and a flat sur-
face, which could not be readily assessed through experiments. The adhesion force of a cylindrical-shaped
nanowire was assessed by performing MDS and applying an equation of Van der Waals interaction. Simulation
was conducted in two steps: indentation of a spherical tip on the flat surface and indentation of a cylinder on
the flat surface, because the purpose of the simulation was comparing the results of the simulation and calculation
of the Van der Waals interaction equation. From the simulation, Hamaker constant used for the equation of Van
der Waals interaction was determined to be 2.93 °g 10?18 J. Using this constant, the adhesion force of the nanow-
ire on the flat surface was readily estimated by calculating Van der Waals equation to be approximately 65~89
nN with respect to the diameter of the nanowire. Moreover, the adhesion force of the nanowire was determined
to be 52~77 nN from the simulation It was observed that there was a slight discrepancy (approximately 15~25%)
between the results of the simulation and the theoretical calculation. Thus, it was confirmed that the calculation
of Van der Waals interaction could be utilized to assess the adhesion force of the nanowire.

Keywords —nanowire (4= 2}¢]©]), adhesion (-3-2F%), molecular dynamics simulation (32}5 < 8 A] &2
©]A), Van der Waals interaction (RFE| 222 435 2H4)

Nomenclature d : Spacing between two objects (m)
(&= A=)
F: Van der Waals interaction force (N) L : Length of cylinder (m) (29 4o])
(= e Ahg 9)
A : Hamaker constant (J) (Hamaker J<7) .M B
: Radius of sphere (m) (7] ¥H<&)
D : Diameter of cylinder (m) (A% #|&) ZnO InAs, Si, GaN, SnO, InP 5¢] T}l A=
7Rk 2 3l Wie QPO] = 58 714, A7], &5t
+C0rresponding author : hjoonkim@knu.ac.kr A SHoR QlEle W Al B dde W
Tel: +82-54-530-1273, Fax: +82-54-530-1278 3L glem, o] 83k Ayt ks] XIgEal gk

264

ISSN 1229-4845(Print) * 2287-4666(Online)
http://Journal kstle.or.kr



A9 Felo] theslololsh ERl Alole] S22 HrkE 91 BRI et ARl d AT 265

esloloj= HiEE] A=, ERAAE, 3H1/AA A},
B oegasd, BYRA, A, e Aol o
ot S-grok] TEE] A3 AN A4 P
o, TS AAkEel Ssl de] A=A )u1-s).
ols} e T ggRoll] Ao Bga] 9
3ol aesfolole] Tt 714, A7),
st A7 FePEe] gkom, T FoME Licelo]
olo] EgtolB2AH A% e AT A Wz 1
WS Qe A0, 6-8). Heslelele] M ul
Alese] WAk 8ok 739, Bl (elastic
modulus)?} 7+ Upglolo]o] 7]A|A EAJuETE op]
2} mpz 9w o2 EAS wlolsl= Zo] uf$ Q35
o}, 2y REo] 4 nmel] B33 ieglolo]e] 7]
A% AFE YA FHSE A oS olele
dolm AF7A RE Yesjolofe] 71AH #EL
A2 ‘most-bent state’S BHIFOE 3 wpEE 2 gk
‘Ao o4 g5olu, buckling Eﬂ/\EE =3}
A 5, Al Foe] a3 gow, Axjdn|
(atomic force microscopy)s ©l-&3t swpEE o A
&g gk AT JA] 7 AFAES T I
=31 JTH9-11].

Ur 2‘4 e, —‘?—ﬂli Q3 FAe] gk

o
(¢}
O

O o
E

3814 EAo|

o,

i, o] ol s %ﬁo}ﬂl g @ow
=3 92U B 5 ATk YL thesjololo)
wpo) g 2 G mAE Aelolm, teslo]

A WP eqdEn. @
1/]'—:—9}01019} npeba el gato) disl Pk 7]E9
AT Ao Fotrr] o9, 7Pt H2Zole Kim
(2013)°] 3%t Van der Waals E2-8 &
g J7hEES E F e, o] dFelMe theste]
ofol] eJa] WAYsk= FAHE AR WS ol g8t
of FgsIaAnHs]. 2eu, sig Arellxde A B
PR 2 s wHeR 5 gk el
o 0] FEo] o] FoIAA FUAL, 1 9]¢ HE
A5 AvEbele, Usloloje] SAEE AT
T U= el iR =7t uie RS Aot
Ok X [e)
=

S

Al
*3?'&1:}1 ?j;} T 9,11:}. ZhA], Yaeglo]ole} .mq/x}o]
ol

A AT sk 2ol vsaslelolie the- A& 2]
dsjel, AHoz A4 AT Fshe el o
. 4 g Fuea, O et
Ae) 224 e olals] $1sie] )

AREEE 7IHeRE B AlEH oS d=
€ F Stk EAEdE AEdelde diow 4
371 olE e WAL A, ﬁ}i@ &
Zksteplel v 8% == e S8 8l
T 224 A0S g slo] 240 243
Jermz F AT FHd it &
[12,13]. wEpr], 2 Afelrls vieelolofo] &
A Y5 F de BTG AEYel4

eN
=
2 B8] UA SHY PPl B

wo M o o
4 & > o

)

-
2
o

th
N

{5==]
=
!
=
[¢)

to

A

off
e
N
i)
}i
ot o
_llﬂ 4
o
;8,
:;
ol
oft yz
re
47

wsjololsl HZ e vles ARMEl B3] A}
B Ewe) A 2kl W48 Ao
oA Fekslel, Lhmsjololsh nhetw, tacste

Ylole] JBage] $AT Zolela M

A& FHsiled, 2 e v 22

94 AFME o]g3te] Si g3 teelolo] Ato]e]
SHES S8 o] o] $2H IE Van der
Waals 5218 2o tJi3te] Hamaker 45-E 5

St H, oAl o] Adaks Arrel HHAte]e] Van der
Waals 528 2o tigdate] vhegfolojo} Si wpet
H Apole] SAEE ALSIATHS).
Zelu ol g Who] AAIR RS AYe A
allx= HFol o]FoX|A] AR BT Aol
< A AR £ e EAEGE AEY
o]Ad& &&staat it Kim o AollA AFME
g 2 S AFelM = A
ol o= thAlst PYPrIEH OIS 3
Pz, o] wf e &2 ZES Van der Waals
ARG 2ol tigiate] g HPE} Ao)2] Hamaker
% 5 AFolME 834 e
olojoi7} YU A= "473 HYor=E oA g5
¥ Hamaker JrakS vimelo]ofe} viebd Afolel] 2
S3leEie Fe7F vkl 718 = Aok, Hamaker
ks Adde) HHAR] Van der Waals 5 2}

1‘
)

o
>

Vol. 31, No. 6, December, 2015



266

Simulation Theory

Tip = Get adhesion force
I (sphere) [ .
b ( from experiment
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= Get Hamaker
constant

= Get adhesion
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simulation

Nanowire
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= Get adhesion = Estimate adhesion
force from force (Van der
simulation Waals)
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= Comparing results of simulation and theory
= Verifying appropriateness of applying theory to obtain
adhesion force

Fig. 1. Schematic of verification and analysis using equation
of Van der Waals interaction.
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substrate

Fig. 2. Atomic modeling for (a) Si tip — FCC substrate and
(b) Si nanowire — FCC substrate interaction.
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Fig. 3. Procedure of simulation.
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Fig. 4. Normal force applied to Si tip during load-
unload simulation.
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Fig. 5. Normal force applied to Si nanowire with
diameter of 15 nm during load-unload simulation.
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Fig. 6. Adhesion force of nanowire obtained from theory
and simulation with respect to diameter of nanowire.
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