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Materials science of carbon nanotubes (CNT) lies at the intersection of various paradigms from 

fundamental to applied physics and chemistry. Recognizing how the different concepts can be combined 

together to understand CNT formation still remains a challenge. The synthesis of CNTs with desired chirality 

and diameter is one of the most important challenges for the nanotubes science and achieving such selectivity 

requires a good understanding of their growth mechanism. There is an overwhelming body of evidence that 

catalytic growth is the most promising method for the CNTs synthesis, especially for reaching a chiral 

selectivity synthesis.[1,2] Although knowledge of the different stages of growth has advanced considerably[3] 

a full picture is still elusive. Mastering chirality control, however, requires a deeper understanding of the very 

early stage of CNT nucleation, when the symmetry type is set. A well-controlled synthesis of catalyst 

nanoparticles (composition, morphology, size) appears to be a mandatory condition for controlling the 

characteristics of the as-synthesized nanotubes.[4] Recent researches focused especially on the growth of 

multiwalled CNT[5,6] have shown that the catalyst (re)shaping is correlated with surface energy modification 

due to C adsorption. To the best of our knowledge previous works have been devoted to the understanding of 

the relationship between changes in catalyst particle morphology and CNT nucleation [7-11] but more 

quantitative description is greatly needed for the elaboration of SWCNTs with defined chirality.  

The aim of the present study is to complement the well-established ex-situ observation of SWCNTs 

growth [12, 13] with real-time, in-situ TEM observations of the real CVD growth reactions without losing 

significant resolution. The study presents the development of a unique approach that combines the HRTEM 

technique, with the implementation of radical-assisted CVD gas sources in a modified environmental 

transmission electron microscope (ETEM) equipped with a Cs image aberration-corrector. The new set-up, well 

adapted for carrying out real-time in-situ observations, allows one to keep a higher vacuum within the TEM 

chamber while bringing gas molecules to the sample, was used to analyze catalyst reshaping and its 

morphology dynamics during CNT nucleation/growth under controlled conditions. As applied to different new 

and controlled bimetallic nanoalloy catalysts types, such as CoRu, FeRu and NiRu catalyst [11], the emphasis is 

to understand the role played by the catalyst and put forward a growth mechanism essential to realized 

SWCNTs with specific and targeted chirality. In particular, we will discuss the role of the growth temperature 

and the chemical composition of the catalyst on the final SWCNTs structure.  

  

 

Figure 1: Ex-situ HRTEM observations of CoRu bimetallic catalyst treated at 800°C under H2 

atmosphere (left); corresponding SWCNTs which are grown using CH4 as gas precursor(middle); 

HRTEM image of an SWCNT (right). 
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