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Abstract:
Nanomechanics of single-_aU C, BN and BC$_35 and B doped C nanotubes

under axial compression and tension are investigated through a generalized tight-binding

molecular dynamics (GTBMD) and {_it ab-initio} electronic structure methods.

The dynamic strength of BN, BC$_35 and B doped C nanotubes for small
axial strain are comparable to each other. The main difference is in the critical strain

at which structural collapse occurs. For example, even a shallow doping with B

lowers the value of critical strain for C nanotubes. The critical strain for BN
nanotube is found to be more than that for the similar C nanotube. Once the structural collapse starts

to occur we find that carbon nanotubes irreversibly go into plastic deformation regime

via the formation of tetrahedral (four-fold coordinated) bonds at the location of sharp

pinches or kinks. This finding is considerably different from the classical MD simulation
results known so far. The energetics and electronic densities of states of the collapsed

structures, investigated with (qt ab-initio} methods, will also be discussed.
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O Experiment : Buckling and Colh_pse of Embedded
Carbon Nanot u ben

O. Lourie el. ul. Phys+ Rev. Left. Vd. 81, 16381199S).

(al

(htder Comprt'_ksional strain two ironies are obser_'ed:

- In1 - hmg mulli-wull nunotubes behaw as elus|k rod_ Ihat
huckle, bend and loop

~1h I ~ thin walh_l nanotubes locally colin l_e or fracture rather
than buckle

0 Carbon and other mmotuba codd beuseful_:

- relnfm'uln$ p_me in novel compmtte mattwials

. nnnomechnnical and nanoeloetromechanleal

system component&

0 Nanomechanks of Nanolubem

. Ymm_ modu_s- 1 - S TPa range (ezpt, theory)

, Yaenbma el. _I,Phys. Rev. I.ett. 0996) - Shell model and
¢lomteal MD slmuhdiol description ol nenom_hnnics.

o Route to Plasticity and Fracture of +Lxialb

St reined Nanotu ben

- linear response followed by nem-Ilnmr response

~ klnk.q, pinc_e_ and morphological buckled
conflgnrnllon_ but the tube remains mmpletely elastic

- route to plasticity is via Sto_e--Wale_ bond rotation
15,7 palrl defect fotamalion.

Compre_lon of Nanotubes with a Quantum
Molecular Dynamics Method

_lethodology:

+ , ÷ U0U - tlel l'fe p

U et " Sum [ one d4t_trem ener$ies]

I.Y - Sum | repulsive pair pa_entlal Ioccupied
I rep

~ _Non-othe_onal atomic ha*is (;['HMI) method

._cular Eq. det{hij- Esij} -0

The forces on alomie euordinate_ are given by

F x - - dtrldx

Molecular Dynamics : system kqdynamkally evolved
at each time qlep

\

Pre_ious Parametri/alion : Silken and carbon
M, Mcnon and K. R Suhhasv. amy. Phy,_. Re_. I_ (19_-9 -I')

Extr*zded I_. helerootomic ,_yxiems indmlin_.: Si, (7, It. N



li_Z_i i _. mprem on of Carbon Nanotubes i 1

O F-nt't'gtqics of eollapm_--plmglclty of (8,0) CNT
at 12% cmn_n $irain.
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QummumGTBMD Mtshod
choral atomb_Ae( wlVaTtt_fmRrMu_r pottnlJaJ)

o Lintmr r_pons4 regime ( Y - 1.3 TPa) f0/Iowed by
plnchl_bucldtng Ida_cal NID) or eollapsdplasticity
(quantum MDk

[ Compremion of Carbon Nanotuhes !I ]

Spontaneous ¢oilapm--plutklty of (8.0) CNT through
graphltle Isp2) to dlamoad like (sp_l,I type transition.

(at side view (b) top view
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_ [ Compression of Carbon Nanotuba HI[ _1O Radial Distribution Function Analysis
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Compression of Carbon Nanotubes Iv" [

O DFT-LDA analysis of (8,0) CNT co_lapse

Simulation Parameters

• e4 C atom *. Supermll: _';- 13,_._ [,_].,

polrd_= - 8.1 - 8.7 AK-points. two ,p_lCi =1
Eo,_ - .i0 ;_'/
Plane Waves up to _. CO'? basis func_ons
Upto 37_ ML-_;_ CPU on TgO @ SDSC

Simulation RemJlt,=

• Energy per C atom:

¢ = O, E(C atom) - -154.72 eV

z > 012, B=do¢e Collapse
E(C atom), -153.81 eV
After Co_lap=e
E(C atom) - -153.76 eV

• K - 80.80 iV in E(C atom) . K_'I2
• _Cl_v_ent Young', modulus: ",'. "_¢ TP._

: =Energy increase of collapsed section: 3.0 eV
_tra=n en_gy d_cre_e: 58.2 (2n-1_n [eV],
where n is t}_e number of cenkx CNT units

_ _ J
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Comlmr_om with c!amkal _anialc slmnlatlon, and a

CNT with B point deuect.
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CxByNz Nanotubes ]
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Band gap engineering over a larlter range should be

po_ihle:

BN - 5.5 eV

BC 2 N - 2.0 eV

C ~0- leV

BC 3 - 0.5 eV

- :t varie4v of junction't, quantum ,lots and

,.uperlattk'e_ +,houh! Ix" possible

- _ho,|d be more robust

Example: Compoqite t IO,0) nnnotul_.'

0,34 eV/atom 0.38 eVlatom 0,37eV/utom

.o. 0,,0
a,lar BN I_md

!
I

Strain

Snergy

ev/a t_.m )
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Cx By Nz Nanotubes: Nanomechanies ]

Nano-me_hanics of Composite Nanotubes (8,0)
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Comments:

Comprem_oe o( 'It.in ' Carboe ma_klm:

- 8 novel rowte to pJ881k_y of cm, hee nsmomhes

rio coilnpee of nnnoWbe is oheerved which _a

in aFeemeat with recemt experh184_tsdJ I_JmdinsL

~ the p/rusticity ec_rs vim 8rn lddtic ($p2) to dfsanond

Uke (sp3) I_iom it _ Io¢_ioo of Ibe eollapm.

- this limits the _ betty Joe ot comp4remed malK4Ubee

to within 12% etreb (120 GP8 ¢ri4h_d dram) befm'e

the tube cott-peu _Jy.

- dte_ results bava iml_j_diou in e_ineerln g of

mm_uhe Imsed companJto mteriaim m weft u

nano-dectromecbniesd _eu_.

0 Comprlelon ofhetet'_tomk tn4_uha:

~ B poU-t deject tend_ to Jocalho the position of the

¢olhtl_e at the ponitlon of the defect,

~ equivalent EIN nmnotuhe has _mtbr strength and
higher ehudlc limit thane citrboo nan_tubes.
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