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The density of states picture
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Temperature dependence - anharmonicity
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How do temperature trends change
relative to Debye temperatures?



Evidence of inelastic scattering — look at temperature trends
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What has been observed beyond the simple metal/bulk non-metal
substrate picture?



Metal/carbon nanotubes
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Metal/carbon nanotubes
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Can the interfacial bond enhance

inelastic scattering, or does it just
add elastic modes?
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Bonding vs. anharmonicity: graphene, graphite and diamond

Heat flow
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Bonding vs. anharmonicity: can pressure lend insight?
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All the ““action” 1s for the

weak bond, no further
change with the strong

bonds. TBC scales linearly.

Jury is still out. Need more

work on this topic, both
experimental and
computational



Anharmonicity vs. disorder?
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Can disorder increase TBC/anharmonicity? Ton mixing,
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Let’s switch gears and talk about pen and
paper theoretical developments



Can we model this (back to the beginning)

Selected 1nelastic scattering (higher harmonic)
Hopkins, J. Appl. Phys. 106, 013528 (2009)

Hopkins, Duda, Norris, J. Heat Trans. 133,
062401 (2011)
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Question: what is the most probable interaction? What are the
interaction probability/phonon transition probabilities at interfaces?



What about in the classical limit? Can we model MD?

On the Linear Temperature
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Phonons emitted across interface are scattered based on other
material: linear T dependence comes from UMKLAPP
SCATTERING TIME - this needs to be explored in more detail....



Challenges — can we push the extremes with anharmonicity?

* Interplay between bonding and
anharmonicity: what are the roles
of 2 and “n-phonon” processes?
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* Inelastic scattering vs. disorder:
how do interfacial “imperfections”™
affect the anharmonic processes
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 BOTH materials are 1n classical
limit: Can we bridge experiments
with MD?
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Interfacial phonon processes

Two phonon scattering (elastic) “n” phonon scattering (inelastic)
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