
 

 

 

Computational methods 

 

MD 

 

Our MD simulations are performed using the LAMMPS Molecular Dynamics 

Simulator[1,2]. Each individual cap is comprised of 536 atoms- 468 carbons and 68 

hydrogens. For this investigation we have chosen a cap structure with armchair type 

configuration at both its inner and outer edges. The structure is visualized in Vid. 1 (see 

below). The carbon and hydrogen interactions of the cap structures are modeled using the 

Adaptive Intermolecular Reactive Empirical Bond Order (AIREBO) reactive-force-field 

potential of Stuart et al[3]. Integration is performed using the Verlet integrator modified 

by the Nose-Hoover thermostat for temperature control [4-7]. For all simulations: a time 

step of 0.1 femtosecond was used; boundary conditions were periodic and the boundaries 

were buffered from the atomic system by at least 2 force-field cut-off radii in every 

direction, essentially placing them at infinity. 

 

MD investigations were first performed to test the stability of a single cap at 300K. The 

single cap system was heated in gas phase to 300K over 60 picoseconds and was then 

allowed to equilibrate for 20 additional picoseconds while the structural configuration 

data was recorded. 

 

To construct the CSCNT we chose to use a nanowire made of 50 caps to best reflect the 

experimental geometry, resulting in a simulated system of 26,800 atoms. Determination 

of an equilibrium cap separation was our most involved challenge and was determined 

through trial and error. Our early attempts to replicate the CSCNT indicated that its 

equilibrium cap separation is highly dependent upon temperature as many of these 

systems dissociated when we attempted to heat them as in Vid. 2 (see link below). 

Analysis of the stable fragments of such systems which reached 300K led us to choose an 

initial cap separation of 5.5 Angstroms which produced a stable fiber with average wall-

to-wall separations of ~3.49 Angstroms between adjacent caps. 

 

To simulate the CSCNT experiment (where one end of the fiber is clamped while the 

other is moved rigidly using an AFM tip) we began with the 50 caps arranged coaxially 

with a separation of 5.5 Angstroms (see Figure 1). The five caps at either end of the fiber 

were held fixed to mimic the constrained ends in the experiment. The system was then 

heated to 300K over 100 picoseconds. While being heated the caps were constrained to 

only move along the longitudinal axis of the fiber so as to prevent the fiber from 

dissociating before it reached 300 K where the 5.5 Angstrom axial spacing is stable. Once 

at 300K the caps were then equilibrated along the fiber's axis for 20 picoseconds, then the 

axial constraint was removed and the fiber was allowed to equilibrate freely for an 

additional 30 picoseconds. After being stably equilibrated at 300K the CSCNT was then 

bent by constraining the left fixed end of the fiber to rotate 90 degrees about the systems 

initial geometric center over a 50 picosecond period. The fixed end is not integrated by 

any dragging method during the rotation, rather it is simply translated as a rigid body of 
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five caps, as highlighted in Figure 2(b), thereby closely simulating the operation of an 

AFM tip.  

 

DFTB 

 

Considering the large size of the CSCNT, we chose to limit our tight-binding calculations 

to the region in which we expect to see the greatest change in electronic structure upon 

bending, the joint at the center of the bending fiber which is also highlighted in Figure 

2(b). We computed the electronic structure for this region in both the straight and fully 

bent (90 degrees) configurations. The fully bent configuration is chosen when we 

determine by simple inspection that the joint has obtained a 90 degree bend rather than 

when the rotated end has reached its apex, as these two times differ. Calculations were 

performed using the Density Functional based Tight Binding (DFTB+) environment[8], 

implementing the matsci-0-3 parameter set [9]. Van der Waals interactions were 

corrected for using a Slater-Kirkwood type dispersion model with parameters for carbon 

and hydrogen described in Ref [10]. Self-consistent charges were calculated to a tolerance 

of 1.0e-6. Levels were filled using the Fermi distribution for a system at 300 Kelvin. The 

Broyden method was used for charge mixing. No spin polarization was considered. 

Electronic density of states where calculated by convolving the band structure output of 

DFTB+ with Gaussian broadening functions via the dptools utility on the DFTB+ website 

[footnote]. 

 

DFT 

 

[...method description...will be filled later] 

 

Videos 
 
1. http://www.youtube.com/watch?v=Oa8BhJMDE2o  
 
2. http://www.youtube.com/watch?v=O3drEGP5sg4 
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