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On a probable cause of poor selectivity of carbon nanotubes synthesis by arc discharge 

S. Yatom* and Y. Raitses

Princeton Plasma Physics Laboratory, Princeton, NJ 08543, USA 

Abstract 

We show that synthesis of single wall carbon nanotubes (SWCNT) by carbon arc is not a 

continuous process, involving switching between two distinctive modes, only one of which 

("synthesis on") is capable of producing SWCNTs. The two modes were characterized for a 

typical arc configuration with a hollow anode filled with powder mix of metal catalysts and 

graphite powder, using electrical, imaging and spectroscopic diagnostics. The "synthesis-on" 

mode duration is rare compared to arc run-time, explainii:ig the poor selectivity of the final 

product, which is the common arc synthesis caveat. 

Arc discharges are commonly used for synthesis of nanostructures and particularly high­

quality single wall carbon nanotubes (SWCNTs). First nanotubes produced in the arc discharge 

were reported by ljima et al. in 1991 [l] and the amount of studies of carbon nanotubes (CNTs) 

synthesis in arc conditions continues to grow [2, 3]. A typical arc setup is relatively simple in 

terms of construction and implementation. It includes two electrodes one of which is consumed 

by ablation during the arc. This electrode is typically a hollow graphite anode filled with powder 

mix of metal catalysts and graphite to provide carbon and metal catalyst feedstock needed for 

facilitation of the growth of SWCNTs [2-6]. In spite of this design simplicity, it is commonly 

accepted that the arc synthesis method of SWCNTs cannot match other synthesis methods ( e.g. 

CVD, laser ablation) in terms of synthesis selectivity, yield and purity of grown CNTs. This is 

partially because there were almost no studies of fundamental physical and chemical 

mechanisms responsible for these drawbacks of the arc synthesis. Maximum SWCNT yield 

reported in arc discharge is 2 g/h [ 4]. The advantages of arc lies in the superior crystallinity of 

the synthesized CNTs, especially for MWCNTs. 
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