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Electronic interactions in sandwich complexes
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•electrochromism
•nonlinear optics
•molecular magnets
•f-fluorescence
etc.

















Can we introduce more than three decks 
and more than two lanthanide ions in sandwich complexes?
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Electrostatic limitation

Known
Stable

Known
Stable

Unknown

How to overcome electrostatic limitation?

Spacers:

-covalent

-coordination

-supramolecular
Only few reports on highly reduced sandwich complexes, including 

•Konarev, D. V.; Khasanov, S. S.; Batov, M. S.; Martynov, A. G.; Nefedova, I. V.; 

Gorbunova, Y. G.; Otsuka, A.; Yamochi, H.; Kitagawa, H.; Lyubovskaya, R. N. 

Effect of One- and Two-Electron Reduction of Terbium(III) Double-Decker 

Phthalocyanine on Single-Ion Magnet Behavior and NIR Absorption. 

Inorg. Chem. 2019, 58 (8), 5058



Covalently-linked sandwiches: clamshell and fused ligands
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Molecular magnets, active layers in OFET, sensors to various analytes

•Wang, K. et al. 
Chem. Eur. J. 2013, 19 (34), 11162

•Pushkarev, V. E. et al.
Chem. Eur. J. 2012, 18 (29), 9046



Coordination bonds linking double-deckers into multidecker sandwiches
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•Fukuda, T.; Biyajima, T.; Kobayashi, N. 
A Discrete Quadruple-Decker Phthalocyanine. 

J. Am. Chem. Soc. 2010, 132 (18), 6278



Supramolecular assembling of sandwiches
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Relaxation time 
at 2K 1.07 ms

Hysteresis up to 7K

Relaxation time 
at 2K 1.01•103 ms

Hysteresis up to 15K

•Chem. Eur. J. 2018, 
24 (17), 4320

NaOH, MeOH

Ueff = 180 K
TB = 2 K

Ueff = 528 K
TB = 25 K

•Chem. Eur. J. 2018, 
24 (32), 8066















Solvatochromic behavior of crown- vs. butoxy-substituted 
triple-decker complexes in aliphatic and aromatic solvents
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Tb2[(15C5)4Pc]3

•Complex is not
solvatochromic

Tb2[(BuO)8Pc]3

•Complex is
solvatochromic

•Martynov A.G., Polovkova M.A., Gorbunova Yu.G., Tsivadze A.Yu. Molecules, 2022, submitted





Solvation can stabilize conformational states
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(Pc)Sm[(15C5)4Pc]Sm(Pc) 
– solvate with chloroform

Weak Cl3CH…Ocrown contacts

Crowns are needed to stabilize 

staggered conformation in chlorinated alkanes

•Eur. J. Inorg. Chem. 2007, 4800–4807.

(Pc)Tb[(15C5)4Pc]Tb(Pc) 
– solvate with o-dichlorobenzene

Weak Cl…CH(Pc) contacts

Crowns are not needed to stabilize 

staggered conformation in aromatic solvents

•THIS WORK!






