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Visualization of nanoconductivity and nanodeformation behavior of stretchable
conductive materials using atomic force microscopy
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The development of wearable and robotic sensors has created a strong demand for materials
that are both highly stretchable and electrically conductive. Achieving this requires materials
with a balance of excellent mechanical properties and stable electrical conductivity.
Traditional methods involve embedding metal wires in elastic polymers, but these often face
limitations in durability and stability due to the fragile interface between metal and polymer
materials under large deformations. Recent efforts have focused on next-generation
conductive materials that can withstand significant stretching. One approach involves
incorporating conductive structures into stretchable polymers, such as organic conductors, but
these are still at an early stage. A more practical strategy is to use conductive nanofillers that
form networks, balancing conductivity and mechanical stretchability. The type and dispersion
of these nanofillers affect not only the electrical properties but also the mechanical response.
However, the nanomechanical mechanisms governing these properties during deformation are
still not well understood. For example, carbon nanotube (CNT)/PDMS films show a hysteresis
effect in electrical resistance during strain, stabilizing after unloading. To better understand
these behaviors, it is essential to visualize both nano-deformation and nanoscale conductivity
simultaneously. While many studies have examined the bulk properties, direct observation of
nanoscale mechanisms has been limited due to the challenges of accessing such fine details.
There is a pressing need for experimental techniques that enable the measurement of
deformation behavior and in-situ conductivity at the nanoscale. This study proposes a new
method that integrates a custom deformation device into a conductive atomic force
microscopy (C-AFM) system. This setup will allow for direct visualization of
nano-deformation and electrical properties under controlled deformation conditions, providing
insights into the nano-mechanics of conductive and mechanical properties in stretchable
materials. This approach could significantly advance the understanding of nanoscale
behaviors in next-generation electronic materials.
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