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1. Experimental.
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FIGURE S1. Schematic of CVD reactor.
2. Classification of the shapes of the catalyst nanoparticles in the CNC tips.
We observed 100 CNCs and CNTws, 1 and classified the catalyst nanoparticles in the CNC tips, and the CNC surface morphologies. There were four types of shapes for the catalyst nanoparticles. These catalyst nanoparticle geometries are illustrated in Fig. 1. The four geometries were:
(a) Symmetric structure
(b) Asymmetric structure

(c) Mirror-symmetric structure with two active facets
(d) Branched structure
The frequencies of appearance for the catalyst geometries followed the ratio (a)：(b)：(c)：(d) ＝ 15：20：2：1, and (b) was most frequently observed.
We reported previously that CNCs have two types of surface geometries: angular-type and round-type. 1 However, round-type CNCs were present in only very small numbers in our experimental sample, and we therefore dealt with the angular-type CNCs in this paper. Angular-type CNCs consist of two to four thinner carbon nanofibers, and the surface of these CNCs is angular. The cross-section of these CNCs is polygonal, and shows negative curvature. 1 Figure S2 shows SEM micrographs of angular-type CNCs with different types of catalyst nanoparticles. Figure S2 shows that different types of catalyst nanoparticles could form identical CNC surface geometries.
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FIGURE S2. SEM images of angular-type CNCs grown from catalyst nanoparticles (a) A (symmetric structure), (b) B (asymmetric structure), (c) C (mirror-symmetric structure with two active facets), and (d) D (branched structure). The scale bar represents 1 μm.
3. EDS mapping of Sn/Fe catalyst nanoparticle
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FIGURE S3. (a) SEM image of catalyst nanoparticle at the tip of angular-type CNC. The CNC was grown under the same condition as those in FIG. S2. The scale bar represents 500 nm. (b)-(d) EDS mappings of (b) carbon, (c) tin, and (d) iron in (a). 
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