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S1 Some of the C9 isomers explored and their formation energies

(0)C19-1 12,316V (b)C1o-2 14.04eV  (6)C19-3 12.37eV (d)Co-412.80eV  (e)C1o-5 12.81eV

(HC1-612.95¢V  (2)Cio-713.20eV  (h)C1s-813.24eV  ()C1o-913.35eV  (j)C1o-10 13.38eV

(K)Cpo-11 13.42eV  (1)C16-12 13.50eV  (m)C16-13 13.90eV  (0)C1o-14 14.05eV  (0)C1o-15 16.45eV

Figure S1. Structures and formation energies of fifteen isomers of supported C;o@Ni(111). The lowest
isomer Cj9-1(a) is highlight by a red color. Cj9-2 (b) that contains only hexagons is 1.73eV higher than
C19-1(a).



S2 Some of the isomers of C,; explored and their formation energies

(a)Cys-112.67eV  (b)Cp3-2 13.19¢V  (€)Cy3-3 1332¢V  (d)Cyp3-4 13.45¢V  (€)Cys-5 13.87eV

(k)Cys-11 14.55¢V  (1)Cy3-1215.18¢V  (m)Cy3-13 1535e¢V  (n)Cy3-14 15.40eV  (0)Cys-15 16.82¢V

Figure S2. Structures and formation energies of fifteen C,3 isomers on Ni(111) surface. The

lowest isomer C,3-1(a) is highlight by a red color.



S3 The formation of free C clusters
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(b) Number of carbon atoms
Cyp 2037V Cp 1928V Ci4 21.36eV Cis 22.36eV
Ciz 22.81eV Cyo 22.61eV Cyy 2497V Cyq 25.00eV
Cos 25.77eV Cyg 25.42eV Cazo 24.97eV

Figure S3. Formation energies of free-standing carbon clusters (a) and some lowest energy sp® network

isomers (b).



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.' 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 Hiickel.**

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 sp” networks and fullerenes dominate the ground state geometry. The results

. . . 3.4
presented here are in good agreement with previous work.™



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 E;, can be fitted as:

Ech = XN‘*’& (GV),

where the fitted slope is A = 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, &, 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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