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An In-silico Simulation Study on Size-dependent Electroelastic
Properties of Hexagonal Boron Nitride Nanotubes

Jaewon Lee*, Seunghwa Yang*'

ABSTRACT: In this study, a molecular dynamics simulation study was performed to investigate the size-dependent
electroelastic properties of single-walled boron nitride nanotubes(BNNT). To describe the elasticity and polarization of
BNNT under mechanical loading, the Tersoff potential model and rigid ion approximation were adopted. For the
prediction of piezoelectric constants and Young’s modulus of BNNTSs, piezoelectric constitutive equations based on the
Maxwell's equation were used to calculate the strain-electric displacement and strain-stress relationships. It was found
that the piezoelectric constants of BNNTs gradually decreases as the radius of the tubes increases showing a non-
negligible size effect. On the other hand, the elastic constants of the BNNTs showed opposites trends according to the
equivalent geometrical assumption of the tubular structures. To establish the structure-property relationships, localized
configurational change of the primarily bonded B-N bonded topology was investigated in detail to elucidate the
BNNT curvature dependent elasticity.
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Table 1. Chiral vector, Radius, curve fitted Born effective charge,
reference Born effective charge for considered model

(n,0) Radius [A] BEC._fit [C] BEC_ref [C]
5 1.789660 | 2.8673401158 2.87
6 2.016032 | 2.8313109207 2.83
8 2.432188 | 2.7840856039 2.78
10 2.849568 | 2.7537740969 2.75
12 3.263281 | 2.7345247210 2.74
16 4109753 | 2.7139439237 2.72
24 5788903 | 2.7023083994
32 7467288 | 2.7003824660
40 9.149224 | 2.7000631281
48 10.83061 | 2.7000104258
56 12.50996 | 2.7000017256
64 14.19070 | 2.7000002852
72 15.86606 | 2.7000000474
80 17.54913 | 2.7000000078
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Fig. 1. Schmetic diagram for direct piezoelectric simulation



An In-silico Simulation Study on Size-dependent Electroelastic Properties of Hexagonal Boron Nitride Nanotubes 135

29 T T v .
) B G Y.Guoetal
o —— Curve Fit
@
©2.85F
@
=
(]
.“2’ 2.8
Rl
5}
P
w 275t
c
1)
=}
m
27t \ : : :
0 5 10 15 ©o
Radius(A)

Fig.2. Curve fitted Born effective charge based on Ab-initio result

ol AAlstSTt.
BEQz4be BEthaez o
BEC, —2‘7+1.1379e"'°7”’ (5)

tube

3. 81t 2 EQf

3.1 BNNTS| =i7|wisfoll 2 oHEEHH %

BNNTO] 72 #e] Wah(st7 =17] Wshol ub2 obd AF
9} 98 W8He Fig. 37} Fig. 4°ﬂ 2Y2} A| A5k} BNNT
EiH R S EEEES ~ K E

=
She 79, T4 Aol A @4% A el o
E, e 28 a AdE AlAs] flsiA = 57t
of A M e Aolsiof Ttk B AolHL thefro] 2§
o] Tetet 9ol sjls e A o] A KA o] X2
s, Y5 HE £o| & 2k 413 9] Solid cylinder=
A Tt cie] FH RS W FUOR Y
%35 Hollow cylinder 2 7}4gF 7 7}X] Alo| A5 HF HE
@ oFlet12].

& —=—Hollow cylinder

;_,E~ 1.2} —=—Solid cylinder

“E 1 Solid & —

‘E cylinder F =

c 08}

(=] Hollow .

30.6 | cylinder Q -

304}

Q@

9

2021

o

0 A ) .
0 5 10 15 o
Radius(A)

Fig. 3. Size dependency on piezoelectric constant of BNNT cal-
culated through solid cylinder and hollow cylinder
assumption

__1000 = —_—
©
% —=—Hollow cylinder
< 800 —a—Solid cylinder |
3 g
3 00 soid &y —
-é cylinder O
» 400 Hollow ¢\ —
g: cylinder L-}
E 200

0 . , ' }

0 5 10 15 o

Radius(A)

Fig. 4. Size dependency on Young’s modulus of BNNT calculated
through solid cylinder and hollow cylinder assumption

% AdE R 7HgE 79, BNNTO P d=p= 71
7F 7kl whEh(RE v S7h MAA e R gas)
= AFE Hole W, 989 Afele dilHer F7t
sh= Zlo 2 velgtt £33 £ B4 2% BNNTQ uHo]
S7Fe5 BNNSO] =70l 3o et v $43 A
UE R 7P 79, BNNTS] 9 Aot JE2 712 4
E7F STkl whet i gaste BEe B ol@dt
IRbE AL gaeREO BAASE ALl 71E
=M= o] Harg vpr} gk BNNTE= FHO| 4
Rt PAE o] RESH7] wf ol FHAR ZH| A= 7h
oAl F25 7HA AL QA F). whEhA BNNTE| 5
7P°4 AndE TP T2 7T 4 FHAAT

Follu e 4 (9ol BE 252 FEO| vgol
%P’“% S7FsHAl v, o] whel BNNTO] &3} o
T A wet S7hsHAl "ot

-
E]

=

]

J

Ir

a
rd

o

3.2 BNNT 2E-24 A 415}
3.180] 4 B+¢1 g BNNTO| T2-84 Auais 24

Fe0] FER DA 4 Qlon], B Aol A B

239 BoE 1ad 4o e e 4B

2 717} 4] (67} (7)9] FeE 2 Ao st of

7]

2

9

x
rIr

=

At BNNT®] 8142 ju]atal, 414 A, B, G, Di= F4
5L Bo B2 Yorolch EY Fig 33} 404 B
AX Y BNNTC| Qraai-ol 482 wo] S7ke 4
NNse| S4o]l 42514 H|E, 244 224k A BNNT
A}49} 4 EL BNNSO| 24of 4-@she 2o 7}

2.1_:
w it

o 10 Ho
o
o,
r>~1

_ —Br
e}S be = €33 _sheet +4e (6)

=0.4759+9.8416¢ 4

33 tube

_Dr

)8
8

=Y,

3_ sheet

=965.6366+1619.2420¢ 1%

+Ce

_tube (7)

_tube



136 Jaewon Lee, Seunghwa Yang

14 v

£ ® MD result
o 12} ——Curve Fit |
\: -

c

o]

® 1t

c

o

o

L 08f

-

®

2 06

o

o

a 0.4f . . ; :

0 5 10 15 o
Radius(A)

Fig. 5. Least square approximation of the BNNT radius vs piezo-
electric constant relationship

1000

900

800

700

600

Youngs Modulus (GPa)

500 = MD result ]
——Curve Fit

400 : : :
0 5 10 15 o
Radius(A)
Fig.6. Least square approximation of the BNNT radius vs Young's
modulus relationship

BNNTQ| QFAf4=e} &2 H a5 AL A 7ozl R?
£ 09915, 0.9898% AJ4HE| Q) 0w, Ll 7B O] HEA 5}
w2 PR A HskE AR Aab= Fig. 59 60] A
AlEle] QlTt. 4] (6)1} (7)of] AlAIE AL ES- BNNTS] =
7| ¥ 3t mE A EALS vl A 4330}741 HhgskaL 9l
t}. 5] BNNTY] BkAo] 7} 22 (5,0) EHo] A9 BNNS
of wlal oF 3WHAE -2 AR EES Ho|a Stk kgt
BNNS2| ¢} 74 oF 0.48C/m’ 425=0]H, o] Zh2 7]&9]
Xﬂ A AL Aute} vjwst off v FARSE =Eol2} 3

5= QUTH17]. whebA] Tersoff ZHIAE-E 285 HAbssh &
APRALZ| -2 BNNTE] FHAEA olSof glof vz gt
st AL IS Algetttal ZE22S 4= Utk 53] AldY
2] ALRS 2L Wstof whE PHYE ST = glo,
AE HAEALRE H 88k BEAHE e AA AR o] gt
£ 9 ge 5= ok Aol 9lo] BNNTE o | A]

2rgy
Szt werE A8 es] 18 e Bl Aol o
WS 8% A E7E 289 4 gt

3.3 BNNTe| = E57}

BNNTS] 7|ZAof u}2
A3l Fig. 73} Zro] &9 A A
& 7}A]aL @l= BNNT (5,009} HHE-S §-4]51a2 9l= BNNS

= T
of tisl F2PFeFE AT o] F T Ik AHH
g gavlnatdc. Ashpae) $YHTLE Tefstol

Fig. 7()2} (c)ollAl A7 ZolF(Bond )2} HeH3F(Bond
Moz ujde 27) o) Aa-a A3e wejsiglon, o
A3te FxoA Y] Agtdolet Ao A|E Table 2] #|
Aatgiet. 1 Axt Yshreko 2 wjdE Bond 19] A2 (5,0)
BNNT Wjof A o] At o]7} BNNSo| 4 9] 7-¢-Het & 4
o, AgNd A9 A7) o A2 Ao = SIS o]=
HHE 8 X|3= A ELRA L33 ZES 7}_ 52
Fe| 2 HE E= 1ol A Bond 18] A7 =7} oF
uj gkt ®5k Zdo|ak o = v g % Bond I19]
Al Bond Io]| H|8[jA= Z}o|7} A ANt 5A7t 4
Qo o] 2 HE] BNNTY HLF o] A (ZE0|
lof| whe} Aotk o Fo| 3L HhAEL o A
S} el A o] Aol &4} BEo] BNNTY| 7]
Dol g GRS HEE A5 s A A
2 A} 7ol A Bond I3} 11¢] Adt7o] W32 AFH|m
¢t} BNNTS} BNNSE 2%2] Mg Eof o]& ufj7iz] 9=
Q1% ML == Fon, Bond I3} Bond 119] ZgHZo]

o O 1
H
mbLJ

P

Fig. 7. Representative bond component of hexagonal Boron
nitride structure (a) Transverse view, (b) Longitudinal
view of BNNT (c) Top view of BNNS (d) Curvature struc-
ture of BNNT compared to BNNS

Table 2. Bond length and energy of BNNT (5,0) and BNNS

Bond I Bond IT
Length(i\) Energy(eV) Length(A) Energy(eV)
BNNT
NN 1.505 -6.45348 1.495 -6.52326
(5,0)
BNNS 1.482 -6.61182 1.482 -6.61182
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