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• Is nanostructured carbon foam the ultimate structural
     and thermal material?

Motivation 
Can Nanotubes conduct heat well? 

Which Phonon Modes limit Thermal Conduction? 
fa 

Can interacting Nanotubes Spin and Twist? 







Computational Techniques 

Total Energy Calculations 

- Ab initio Density Functional Formalism 

* Plane-wave code with energy cutoff of 50 Rydbergs 

* Soft nonlocal pseudopotentials and Ceperley-Alder exchange- 
correlation potential 

* 200,000 plane waves in the basis set 

- Parametrized Linear Combination of Atomic Orbitals (LCAO) 
Formalism 

* Parametrization based on ab initio Density Functional re- 
sults 

* Very fine k-points mesh for the inter-tube interaction 

* O(N) technique for very large systems 
* Ideally suitable for massively parallel computation 

- Tersoff Potential 

Thermodynamics: Monte Carlo simulations 

Time-dependent processes: 
Molecular dynamics simulations 

Transport: Landauer-Biittiker Formalism 

- Conductance G{E) evaluated by using 































Morphology of Hybrid Graphitic Foam

•Relationship to graphite

Graphite

Graphene monolayer

New Hybrid in-between
Diamond and Graphite

refold…



•Folding Process
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64 carbon atoms unit cell 



•Hybrid Graphitic Foam

Present study:
•Optimized structure
•Elastic properties
•Electronic structure

Terrace size  � �: graphite
Terrace size � 0:   diamond

sp2 carbon atoms 

so3 carbon atoms 



Optimized Structure

a=16.44 A 
b=9.58 A 
c=3.28 A 
p = 2.48 g/cm3 



Elastic Properties

New graphitic foam        Graphite Diamond 

2.48 g/cm3 2.27 g/cm3      3.51 g/cm3 

C-\ i (along a axis) 9.02 Mbar 1 2.3 Mbar        11.29 Mbar 

C22 (along b axis) 9.42 Mbar 

C33 (along c axis) 0.816 Mbar 0.34 Mbar 

Bulk modulus 0.792 Mbar 0.326 Mbar        4.69 Mbar 



Electronic Structure

Brillouin
Zone

Band Structure Density
of States

Graphitic foam is metallic: N(EF)=1.0 states/eV/spin
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Summary and Conclusions 

• We studied the structural rigidity, phonon modes, and thermal 
conductivity of carbon nanostructures: nanotubes and graphitic 
foam. 

• We found that 

- The unusually high thermal conductance of nanotubes 
results from the large phonon mean free path. 

- Weak inter-tube coupling results in a very soft librational 
motion. 

- Orientational dislocations are frozen in during the syn- 
thesis of interacting nanotubes. Relatively free diffusion mo- 
tion of orientational dislocations occurs for T^TQM ~160 K, 
marking the onset of orientational melting. 

- Hybrid graphitic foam offers an unsusual combina- 
tion of properties: low mass density, high structural rigid- 
ity, possibly high electric and thermal conductivity. 
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