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Introduction
Macromole
cule

Formula Linear Cyclic Note

Polyacetyle
ne

(−HC=CH−)n C28H30 C28H28
1

Cumulene (=C=)n C26H4 C26
2

Polyyne (−C≡C−)n C28H2, C28H6 C28
3

1 High electrical conductivity - Nobel Prize in Chemistry in 2000
2 Part of interstellar clouds - DOI 10.1051/0004-6361/202141274
3 C44 is the longest known polyyne - DOI 10.1038/nchem.828
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C28 cyclic polyyne
 



3 C28 (3x) cluster

 



Cluster topology
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topology



A more complex cluster topology

 

28 C24 cluster 28 C24 topology (all carbon structure 
name: tetradecahydro-2,12,6:7,1,11-
di(epiheptane[1,4,7]triyl)octalene)Ref.: DOI 10.1002/qua.25614



Localization (molecule & cluster geometry)
Schrödinger 
equation 

 
Hartree-
Fock (HF) 
methods 

 
Hohenberg 
and Kohn 
DFT 

 

Slater 
orbitals 

 
 



Software

• Intensive optimization with Gaussian 16 (84 Carbon atoms):
%nprocshared=8
%mem=32GB
%Chk=3C28
#BP86/6-311G opt=(Tight,Z-matrix)

 

HyperChem 8 and 
Spartan 14 on 
Windows 10 

 

Gaussian 16 on 
Ubuntu 20 running in 
a Oracle Virtual Box 

 



Classical vs. symmetry constrained 
optimization

Optimization Classical Cartesian Symmetry constrained

Degrees of 
freedom

3×(28×3−28) = 168 16 (2 bond lengths + 2 
distances + 14 angles)

See (@ gaussian.com):
÷ molecule specifications (Cartesian, Z-matrix, or a mixture of the 

two)
÷ optimization options (Cartesian, Z-matrix, Redundant)

See supplementary material of Materials Discovery 5: 14 - 21 for a 
symmetry factor analysis on localization



Z-matrix input files





Ab initio HF results for 3C28(3x) cluster



DFT BP results for 3C28(3x) cluster
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Cluster statistics



Association between optimization methods
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Conclusions

• Bending of polyynes is a difficult task, and crossing rings of polyynes
is even more challenging

• the total energy of 3 C28(3×) differs from the total energy of system of 
3 isolated C28 by about 0.01 Hartree ⇒ 3 C28(3×) stable configuration

• The angles between the planes of the molecular rings (60.5 °, 58.2 °, 
and 61.7 °) reveal almost an axial alignment of the rings very close to 
a C3 symmetry



Thanks

• For the opportunity to present the results
• For your attention (patience)
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