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Introduction
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2pz tight-binding model
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2pz tight-binding model

Armchair ribbon zigzag ribbon
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First-principles calculations for the zigzag graphene nanoribb

antiferromagnetic (AFM)

ferromagnetic(FM)

nonmagnetic (NM)

Both the AFM and FM 
configurations are found to have 
a total energy lower than the 
nonmagnetic state for all ribbon 
widths, indicating that spin 
polarization is a possible 
stabilization mechanism.

Band structures of zigzag ribbon with N=10
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Method

Package: Vienna Ab-Initio Simulation Package (VASP)

Schrödinger equation

Approximation: local spin density approximation (LSDA) 
Pseudopotential: ultrasoft pseudopotentials (US)
The cutoff energy was set to 400 eV.
The 80 ×1 ×1 Gamma-Pack grid was used to sample the first Brillouin-zone.
All atoms were relaxed until the residual force < 0.01 eV/angstrom.

LSDA US
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• Computing Nodes ‐ 512 computing 
nodes. 

• Each computing node consists of : 
• CPU ‐ Intel Woodcrest 3.0 Ghz Dual‐

Core processor × 2 
• Memory ‐ 16 GB PC2‐5300 667MHz FBD 

240‐pin ECC DDR2‐SDRAM 

Hostname : hpc 
Model Name: IBM System p 9119-595
Hardware
CPU Architecture: SMP

Processor Type: PowerPC_POWER5
Number Of Processors: 64
Processor Clock Speed: 2302 MHz
CPU Type: 64-bit
Main Memory: 256 GB
Storage : 300GB 15K RPM SCSI Disk x 10
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Geometrical Structures

AA-stacking

AB-stacking

AA’-stacking

AB-stacking
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Structural properties

13



The AFM configurations 
are always more stable 
than FM configuration.

The AA-stacking is 
unstable. 

The AB- and AA’-
stcking are the stable 
arrangement.
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Δρ↑+Δρ↓Xloc=0, Yloc=0; AA-stacking

ρ↑+ρ↓
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Δρ↑-Δρ↓

ρ↑-ρ↓
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Δρ↑+Δρ↓
Xloc=a/2, Yloc=0; AA’-stacking Xloc=0, Yloc=5b; AB-stacking
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A gap and new band-edge states emerge after considering the interlayer 
interactions. 
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Electronic properties



The spin-up and spin-down states still cross at EF.
The shift of the tube breaks the degeneracy of states at kx=π/a.
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The smaller gaps occur at 
the AA- and AA’-stacking.





Conclusion

The tube approaching the border of the ribbon and forming the AB-
stacked arrangement is most stable in this hybrids.

The energy gap in the antiferromagnetic configuration stems from the 
linear bands of the armchair carbon nanotube and strongly depends on 
the nanotube location.

The nanotube lying on the zigzag nanoribbon would break the 
degeneracy of the partial flat bands originating mainly from the ribbon. 
The separation would enlarge as the tube shifts toward the ribbon edge.
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Van der Waals binding energies in 
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