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Methodology

Introduction

•The  neutral  form  of  B20 was recently 
suggested to be a highly symmetric, 
beautiful  double  ring,  marking  the  onset  of  
true three-dimensionality for small, neutral 
boron clusters [1]

•Suggested to be highly aromatic

•Here, the magnetically induced ring 
currents in  B20  and  its  nearest  neighbours  
are investigated

•B3LYP / TZVPP level

•The ring currents obtained with the Gauge 
Including Magnetically Induced Currents 
(GIMIC) methodology [2]

•GIMIC can provide a quantitative measure
of the induced current strength

•By integrating the current passing defined 
cut planes, the net current, including dia-
and paramagnetic contributions, is 
obtained:

•Cut plane in green 
•Blue arrows depict the current flow

•Turbomole used for all QC calculations
•gOpenMol and gnuplot for figures

Molecular structure Where is the current?

•Highest possible symmetry for B2n is Dnd

•B16, B20 and B24 stable closed shell molecules 
in the highest symmetry group

•B18 and B22 of lower symmetry, C2h and Ci

Ring currents

•Highly uniform, diamagnetic ring currents 
are indeed induced!

•The degree of  aromaticity  cannot  be  
deduced from just the picture, however

•For a quantitative measure, letis integrate:

•B16, B20 and B22 possess very strong currents
•Almost no paramagnetic contribution, in 

contrast to, e.g., benzene, highly aromatic
•B18 and B22 have very strong paramagnetic 

currents m antiaromatic
•NICS agrees qualitatively with GIMIC

•To spatially pinpoint the regions of strong 
current, integrations over partial planes
were performed

•Accumulated current for increasing width, 
going out from the centre of B20

•Derivative as dotted line
•Vertical line at 2.59 Å marks the radius
•2/3 of the current from the inside region

•The in-plane current not concentrated to the 
location of the B10 rings, strongest contri-
bution from the middle plane of the ring

Conclusions

•The experimentally known B20 shown to 
possess very strong ring currents, 3.5 times 
higher than in benzene n Superaromatic!

•Also B16 and B24 sustain strong diamagnetic 
currents

•B18 and B22 appear strongly anti-aromatic, 
and should be destabilised.

Acknowledgements

•Doc. Dage Sundholm and Prof. Lai-Sheng
Wang for inspiring discussions

•Dr. Jonas Jusélius for the GIMIC program
•CSC m The Finnish IT Centre for Science
•DCSC m The Danish Centre for Scientific 

Computing

References

[1] B. Kiran, S. Bulusu, H.-J. Zhai, S. Yoo, X.C. Zeng, and 
L.-S. Wang, Proc. Natl. Acad. Sci. 102 (2005) 961m964.

[2] J. Jusélius, D. Sundholm, and J. Gauss, J. Chem. Phys.
121 (2004) 3952m3962.

[3] M.P. Johansson, J. Phys. Chem. C 113 (2009) 524m530.Mikael Johansson 2009


