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ABSTRACT Full collapsed semiconducting nanotubes became metallic, having singly
degenerate band at Fermi level due to broken symmetry. It was found that
wave function used was mismatched, which leaded to higher contact
resistance in respect of ideal contact. A new method was used for
degeneracy lifting due to interaction among m-orbitals on sidewalls of
collapsed nanotube produced larger magnitudes of bands and were
splitted in fully collapsed carbon nanotubes. A continuum model was
considered for explanation of carbon atoms in carbon nanotubes with
metal. For this purpose a semiatomistic model was used for description of
positions of carbon atoms in the presence of metal and substrate. Carbon
nanotube interatomic interactions were explained by valence force model
considering stiffness opposite to misalignment of neighboring m-orbitals
for reduction of bending stiffness. Substrate was planar and rigid but metal
was isotropic. Deformations on electronic structures were created due to
effect of metal induced nanotube. Band gap reduction was found in
deformed carbon nanotubes and increased metal induced doping of
nanotube, which reduced the resistance by means of conduction channels,
mismatched function and scattering at contact.
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INTRODUCTION was studied. Smalley et al. studied electrical

properties of carbon nanotubes by using many
Effect of deformations on electronic structure technologies. For this purpose semiconducting
and contact resistance between metal single walled carbon nanotube field effect

deformation and round positions of nanotube transistors were considered. High performance
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channels were used for study of increase in
contact resistance due to decrease in size. Which
scaled the devices as channel transport and
formed ballistic property [1]. Baimova et al.
studied that carbon atoms are capable of
providing numerous structures as monoatomic
crystalline layer of grapheme [2]. So nano
materials of structure of mechanical and thermal
properties were considered for study [3].
Graphene was grown on a substrate in a carbon
rich environment. Lui et al. studied that these
defects were created by means of roughness of
substrate and difference between thermal
expansion coefficients of graphene and substrate
[4]. These defects changed the properties of
graphene as electrical conductivity [5], thermal
conductivity and electricity. Wang et al. and
Zhao et al. studied and found that deformations
in graphene were created by thermal
compression of substrate at cooling stage [6,7].
Defects were also found during the procedure of
graphene sheet transfer [8]. Aljedani et al., Cox
et al., Zhang et al. used quasi analytical models
based on calculus of variations, continuum
mechanics modes with finite element method
and all atom models utilizing molecular
dynamics for explanation of wrinkles folds [9,
10, 11]. These modes permitted to explain
appearance of folds of wrinkles during uniaxial
compression continuum mechanics treatment
was considered for wuniaxial and biaxial
compression of sufficiently large graphene sheet
study [12]. Elliott et al; Gadagkar et al., Umeno
et al., Magnin et al. and Hu et al. studied the
effect of external hydrostatic pressure on shape
of wrinkles. It was found that at critical pressure
wrinkle was flattered or collapsed into denser
from vertical two layer fold. Study of collapse of
hollow carbon nanotubes under pressure was
also studied. Stability of a flat compressed sheet
state was analysed and was found that
structures of wrinkles were formed during
uniaxial and biaxial compression of sheet [13, 14,
15, 16, 17]. Savin and Klinov studied wrinkles in
graphene suspended on flat substrate and in
case of structure collapse under hydrostatic
pressure [18]. Alexander et al. used method of
molecular dynamics and molecular mechanics
for simulation of wrinkle formation for a system
due to compression of graphene sheet lying on
flat solid substrate. It was found that due to

uniaxial compression nanosheet produced
transition into stable wrinkle states for a finite
length. It was also found that wrinkles were
completely flattered [19].

METHOD

Molecular dynamics and molecular mechanics
were used for simulation of study of collapsed
carbon nanotubes and calculation of results
numerically for a system lying on rigid substrate
under uniaxial and biaxial compression. Atomic
position were obtained by minimizing the total
energy of the system is given by

E = Ehending + ZUcc (l’]) + ZJ‘USC (l)dss
ij i
+ZJ.UMC (i)ds,, + }/IdSM

+[[U5dS,,dS,

Where i and j run over carbon atoms for carbon
nanotube, Ucc, Unmc and Usc are Vander Waals
interactions. Minimum energy were calculated
for electronic structure using density function
theory. Perdew-Burke-Ernzerhof generalized
gradient approximation was used for exchange
correlation energy. Study of effect of metal
induced nanotube deformations on electronic
structure and electrical contact resistance at
interface between deformed and round portions
of a tube were made and explained. Reduction
of deformed carbon nanotubes were studied by
increasing number of conduction channels and
mismatch of wave function with scattering at
the contact. Leading of mismatch for higher
contact resistances were studied. A new
mechanism was used for degeneracy lifting
created from interaction among m-orbital on
adjacent sidewalls of collapsed nanotubes were
studied. Rectangular graphene sheet was
considered for which contained chains of
valence bonds along x-axis consisted zigzag
structure and along y-axis consisted armchair
structure. Periodic boundary conditions at the
edge of sheet were applied. Hamiltonian for
nano sheet is given by the relation

H :ﬁlBM(un,aan o +Z(un)}
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Where M is the mass of carbon atom,

u, =x, (t),yn (t),zn (l‘) is a  vector

represented the position of nth atom at time t,
Qn is the valent interaction for neighboring
carbon atoms, a relation is given by

0= U+ U+ > U +> U, + > U
Q Q, Q Qy Qs

Where Ql. is the set of configuration
i=123,4,5.

RESULTS AND DISCUSSION

Molecular dynamics and molecular mechanics
were used for the study of collapsed
semiconducting nano materials having singly
degenerate band at Fermi level means of broken
axial symmetry. Magnitude of degeneracy
lifting were larger than room temperature was
obtained. In this study wave function
mismatched leaded higher contact resistance
were compared with ideal contact. For fully
collapsed carbon nanotube the self consistent
Fermi energy of round carbon nanotube in metal
corresponding to on state resistance were
studied and explained. Tight binding approach
was used for the study of electronic structure
and calculations of results. Calculation of
contact resistance was also done by this
approximation. Graph (1) shows that band gaps
gradually decreased with decreasing radius of
curvature and became zero at critical value. It
was found that when total energy was
minimized, stabilized collapsed carbon
nanotubes and band gaps became zero larger
than critical values which is shown in Graph (1).

It was also found that band gaps in collapsed
carbon nanotubes were smaller than in
comparison to open carbon nanotubes by means
of -1 interaction between orbitals on adjacent
side walls separated at Vander Waals distance in
collapsed carbon nanotubes and provided
stronger electronic structure. Changes in
electronic  structure due to deformations
provided contact resistance at interface between
round and deformed positions of nanotube.
Graph (2) shows the plot of band structure of
metal deformed and collapsed nanotubes. For
collapsed carbon nanotubes an additional long
range action between carbons were found for
different layers. Band structure due to four
orbital tight binding model were found for
curvature induced mixing of i and o orbitals.
Graph (3) shows the plot of band gaps of round
and metal deformed versus carbon nanotubes as
function of carbon nanotube diameter. It also
shows that density functional theory band gaps
in suspended carbon nanotube i.e. round carbon
nanotubes without substrate and metal and in
metal deformed carbon nanotubes. It was found
that electronic structure was modified and
resulted deformed carbon nanotube structures
in continuum model due to increase in metal
surface energy and Vander Waals attraction
between side walls. Uniaxial compression was
applied to nano sheet for transition in to many
stable wrinkled states having infinite length.
Higher energy states of wrinkles of finite length
aligned along their ends were partially
overlapped. Effect of external hydrostatic
pressure on the shape was also studied. It was
found that for critical pressure wrinkle collapsed
into vertical two layer fold ie. completely
flattered.
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Graph 1: Plot of band gap as function of radius versus deformed and collapsed zigzag carbon nanotubes.
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Graph 2: Plot of band structures of metal deformed and collapsed nanotubes.
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Graph 3: Plot of band gaps of round and metal deformed versus carbon nanotubes as function of carbon

nanotube diameter.
CONCLUSION

Study of collapsed semiconducting nanotubes of
singly degenerate band at Fermi level by means
of broken symmetry was made. Vander Waals
forces affected the properties of carbon
nanotubes to deform or collapsed in metal
contacts by the use of abinitio band structure
calculations and was found that band gap was
reduced by means of deformations and fully
collapsed nanotubes became metallic. Mismatch
of wave functions between collapsed and round
portions of carbon nanotube provided higher
contact resistance. Band splitting affected
transport at room temperature. Effect of metal
induced nanotube deformations on electronic
structure and electrical contact resistance at
interface between deformed and round portions
of nanotube were found. Band gap decrease in
deformed carbon nanotubes enhanced metal
induced doping of nanotube and decreased the
resistance due to conduction channel.
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