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S1 Some of the C19 isomers explored and their formation energies 

 

Figure S1. Structures and formation energies of fifteen isomers of supported C19@Ni(111). The lowest 
isomer C19-1(a) is highlight by a red color. C19-2 (b) that contains only hexagons is 1.73eV higher than 
C19-1(a). 
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S2 Some of the isomers of C23 explored and their formation energies 

 

Figure S2. Structures and formation energies of fifteen C23 isomers on Ni(111) surface. The 

lowest isomer C23-1(a) is highlight by a red color.
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S3 The formation of free C clusters 
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Figure S3. Formation energies of free-standing carbon clusters (a) and some lowest energy sp2 network 

isomers (b). 
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To shed light on the differences between free-standing carbon clusters and those supported by a 

Ni(111) surface, the formation energy and structures were systematically calculated using the ab inito 

method (see method part in the main text) and shown in figure S3. It is obviously that the formation 

energies of free-standing carbon clusters are much higher than the corresponding C clusters supported 

by a metal surface due to the absence of metal passivation. Also the formation energy of a chain presents 

an odd-even stagger oscillation, with its amplitude decreasing as cluster size increases. It can be 

interpreted by the different electronic states of end atoms in odd and even chains. For a chain with an 

odd number of carbon atoms, the ground electronic state is a singlet, whereas for the even-numbered 

chain, the ground state is a triplet.1 There is a 4n+2 periodicity in the curve of ring formation energy vs. 

the number of C atoms. This oscillation in the ring can be explained by rules of Hückel.2,3 

For free C clusters, the chain is the most stable structure at small size (N < 6). The chain 

formation energy then catches that of ring in the range of 5 < N <9. Eventually the mono-cyclic ring 

becomes a more stable structure in the size range of 9 < N < 24. When the number of carbon atoms 

reaches 24, bowl shaped sp2 networks and fullerenes dominate the ground state geometry. The results 

presented here are in good agreement with previous work.3,4 
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S4.  The calculation of C chain end formation energy 

As a one dimensional structure, the formation energy of a C chain on Ni(111) surface increases 

linearly with cluster size N, as shown in figure 5. Its formation energy Ech can be fitted as:  

Ech � λN�ξ (eV), 

where the fitted slope is λ =  0.81 eV/atom, which is the energy difference between a C atom in the 

chain and a C atom in graphene on a Ni(111) surface. The second term, ξ, which can be interpreted as 

the formation energy of the two Ni(111) passivated chain ends,  is 0.40 eV. Thus the formation energy 

of every chain end is only 0.2 eV/end on a Ni(111) surface. Similarly, we can obtain the end formation 

energy of a freestanding chain end as 3.5 eV/end by linearly fitting the data shown in figure S3. 
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