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Figure S1 shows the material fractions of the DWNTs as the starting material and those 

of the dGNRs, yGNRs, and sGNRs as functions of the sonication time. The fractions 

were calculated from the AFM images such as the one shown in Fig. S2. After 

sonication for 8 h, almost all the DWNTs had disappeared and the fraction of the sGNR 

was greater than 90%. After sonication for 16 h, the fraction of sGNR was nearly 100%. 

Further, yGNRs, which formed because of the splitting of the dGNRs into two sGNRs 

and had a Y-shaped point and a length of more than 10 mm, were present in a fraction of 

less than 10%. After sonication for 8 h or longer, numerous defects were induced in the 

sGNRs, and their length decreased. Thus, a sonication time of 4 h was found to be 

optimal for obtaining high-quality sGNRs. The fractions were calculated by counting 

more than 100 GNRs in the AFM images. The DWNTs and dGNRs disappeared after 

sonication for 2 h and 4 h, respectively. Thus, it can be concluded that it is difficult to 

split the dGNRs into sGNRs perfectly if the yGNRs are long. After sonication for 0.5 h 

and 1 h, dGNRs and yGNRs, respectively, were present in the greatest fractions. These 

results support the conclusion that the unzipping process takes place via the steps shown 

in Fig. 1. 

  



 

 

Fig. S1. Material fractions of various types of GNRs as functions of the sonication time. 

DWNTs were used as the starting material. The yGNRs were formed when a dGNR 

split into two sGNRs at a Y-shaped splitting point. Each plot was obtained by counting 

over 100 GNRs in the AFM images. 

 
 

The purity of the GNRs was also analysed by Raman spectroscopy, as shown in Fig. 

S3. G and D peaks were observed in all the spectra; each spectrum was measured at a 

different position of the same sample. Since no RBM peaks were observed in any of the 

spectra, the Raman data supported the conclusions drawn on the basis of the AFM 

images, that is, the obtained material consisted of highly purified sGNRs. 



 

Fig. S2. AFM images of the GNRs obtained for different sonication times.  

  



 

 

Fig. S3. Raman spectra obtained from the same sample using (a) 532 nm and (a’) 633 

nm excitation lasers. Graphs (b) and (b’) are magnified versions of the regions 

extending from 100 to 600 cm-1 in (a) and (a’), respectively. Graphs (c) and (c’) are 

magnified versions of the regions extending from 1100 to 1800 cm-1 in (a) and (a’), 

respectively. Since peaks attributable to the radial breathing mode (RBM) were not 

observed, it can be concluded that these data are attributable to highly purified GNRs. 

The term "a.u." means "Arbitrary Unit." 

 

 

The results of electrical measurements performed on a 23-nm-wide sGNR and a 



29-nm-wide dGNR confirmed that the obtained material was indeed GNRs (Fig. S4). 

The I-V curves did not contain a plateau zone, and the dI/dV curves exhibited a Dirac 

point at 0 V. This further confirmed that the GNRs were obtained. 

The curves for the sGNRs, shown in Fig. S4, were obtained using a three-electrode FET 

structure. The conductance (dI/dV at 0 V) of the dGNRs was about twice that of the 

sGNRs, because of the higher current flow in the case of the former. 

 

Fig. S4. (a) I-V and (b) differential conductance (dI/dV-V) curves of the sGNRs and 

dGNRs. The differential conductance curves of both types of GNRs showed a Dirac 

point (DP in (b)), corresponding to semimetallic conduction, at approximately 0 V. The 

widths of the sGNR and dGNR tested were 23 nm and 29 nm, respectively. 



 

The sGNR yields when SWNTs and DWNTs were used as the starting materials were 

compared as following: the two types of CNTs were used in the same amounts to obtain 

solutions of sGNRs. Then, similar volumes of these solutions were cast on substrates. 

As a result, it was possible to count the number of sGNRs in similar-sized areas of the 

AFM images of the samples. The number of sGNRs obtained from DWNTs was more 

than double of that obtained from SWNTs. This result implies that the yield of sGNRs 

when DWNTs were used as the starting material was more than double of that in the 

case when SWNTs were used as the starting material.  

 

 


