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Computational details: 

Density functional theory (DFT) calculations were performed using Gaussian 16 

package1. First of all, isolated the cyclo[18]carbon (C18) and tetrahedral silver cluster 

of 20-atoms (Ag20) were optimized using long-range corrected hybrid exchange-

correlation functional CAM-B3LYP2,3. The triple-ζ basis set 6-311+G(d,p) and  

LANL2DZ basis set were used for carbon and silver atoms respectively. In order to 

avoid computational complexity, Single point calculations4 with same correlational 

functional and basis were performed for C18 with Ag20 located with at different 

positions A to L (see Fig. 1) at distance z from C18 ring plane and corresponding 

vibrational frequencies were calculated. 

Time dependent DFT (TDDFT) calculation for C18 with silver cluster was performed 

using same functional and basis set as above. The charge difference density analysis 

was performed by using the Multiwfn.3.4.1 program.5 
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Fig S1. (a) The ground state iso-density surface plots of C18 for the frontier orbitals 

HOMO (left) and LUMO (right) calculated by CAM-B3LYP/6-311+G(d,p) functional 

in DFT method. (b) Normalized absorption spectra of C18, Ag20 and C18 with Ag20 

located at position H at 2.5 Å above C18 calculated by TDDFT/ CAM-B3LYP method 

for 70 lowest excited states. (c) Charge difference density analysis of first singlet 

excited state of Ag20, C18 and C18 with Ag20 located at position H at 2.5 Å above C18. 

The localization of holes (blue color) on C18 and electrons (green color) on Ag20 indicate 

the mutual charge transfer between metal and molecule.6,7 

 

 

 
Fig S2. (a) Normal Raman spectrum of cumulenic structure of C18 and (b) vibrational 

modes of cumulenic structure of C18  

 



 

Figure S3. (a) and (b) show the optimized geometries of two structures, (c) image of 

vibrational mode C≡C stretching at 1760 cm-1 in polyynic structure and (d) image of 

vibrational mode C=C stretching at 1974 cm-1 in cumulenic structure. 
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