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In recent years, as semiconductor devices have become more miniaturized and higher-performing, interface thermal
management technology at the nanoscale has become increasingly important. In relation to this need for thermal
management, there is a growing interest in organic materials that have low thermal conductivity while offering a high degree
of freedom in material design and also are low-cost in their manufacture. To achieve thermal management using organic
and polymeric materials, it is necessary to understand heat transport in such materials and obtain material design guidelines.
However, organic materials contain a wide variety of elements, such as functional groups, chemical bonds, intermolecular
forces, and assembled structures, and this complexity makes it difficult to understand heat transport in organic materials. To
address this issue, in the present thesis, the author developed tripodal triptycene derivatives which form predictable
assembled structures even upon chemical modification, and using these materials, the relationships between structure and
heat transport have been investigated systematically and in detail.

The thermal conductivity of highly oriented tripodal triptycenes functionalized with long alkyl chains was evaluated using
the time-domain thermoreflectance (TDTR) method (Chapter 2). The author demonstrates that the TDTR method is effective
for evaluating the heat transport properties of organic thin films. Self-assembled monolayers (SAMs) of tripodal triptycenes
with various surface functional groups were prepared, and their thermal resistance at water/SAM/Au interface was
investigated (Chapter 3). The author has clarified that interfacial thermal resistance can be greatly reduced by using surface
functional groups that strongly interact with water molecules and are short in length. A surface polymer brush film was
formed using a tripodal triptycene as a polymerization initiator, and the thermal conductivity in the out-of-plane direction
of the thin film was evaluated using the TDTR method (Chapter 4). The results suggest that surface polymer brushes made
from polyacrylamide (PAAm), which can form hydrogen bonds between polymer chains, have the potential to exhibit high
thermal conductivity.

In summary, in this thesis, the author has uncovered aspects of nanoscale heat transport in organic materials, which are still
not well understood, using molecular systems that give rise to well-defined assembled structures along with precise heat
transport measurement techniques.
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