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Appl ication Note

Aduro™

In Situ Measurements of the Thermal Properties of Carbon Nanotube/Silver Nanowires

Introduction
Nanowires are promising materials for applications including 
electronics, optics and mechanical systems. Before nanowires can 
be used in such applications, their properties must be tested in 
real-world environments. Using the Aduro heating and electrical 
biasing system, in situ thermal analysis of nanowires at high-
resolution is routine in the TEM.

Aduro uses semiconductor devices, called E-chips that act as an 
active sample support to enable fast, stable and accurate thermal 
analysis. The membrane has a small thermal mass, which allows 
for extremely fast ramp rates (up to 1,000 °C per ms). In addition 
to fast ramp rates, users have complete control of temperature.  
Slower ramp rates of hours or days are possible by inputting the 
desired rate into the Aduro software. This speed, stability and 
accuracy make Aduro an exceptionally versatile and powerful 
system for nanomaterial analysis.

Experiment
In this experiment, silver nanowires were drop cast on to the 
ceramic membrane from ethylene glycol and allowed to dry. 
An amorphous carbon layer was applied to the nanowire  
surface subsequent to synthesis. Imaging was done in a JEOL 
2200FS in Dr. Larry Allard’s lab at Oak Ridge National Laboratory. 
The TEM is equipped with a CEOS Co. aberration corrector  
on the probe-forming optics, and was operated in scanning TEM 
(STEM) mode at 200 kV.

Discussion
In Figure A, above, a bright field TEM image shows both  
empty carbon nanotubes (light contrast), and carbon nanotubes 
filed with silver (dark contrast). The high angle annular  
dark field (HAADF) STEM images in Figures B and C show the 
nanowires at 650 °C. 

An unusual effect was observed at this temperature, the silver 
material inside the carbon nanotubes evaporated. By rapidly 
cooling the temperature the length of the silver nanowire could 
be controlled.

During other experiments, the nanotubes were observed to 
refill with silver. Although this did not happen in every case, very 
accurate and precise temperatures near the evaporation point 
were needed to see this effect. When the temperature rate was 
slowly ramped, other geometrical properties of the nanowires 
could be controlled. At temperatures of 530 °C, some nanowires 
were observed to thin in certain areas, and necking occurred.

Applications
The thermal properties of both metal and semiconducting 
nanowires can be studied with Aduro. The speed, stability 
and accuracy enable new routes for discovering nanomaterial 
behavior at high temperatures. Contact us to discuss the full range 
of capabilities of Aduro with Thermal E-chip™ sample supports 
for your applications. We can be reached at (919) 377-0800 or 
contact@protochips.com.
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