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There are two concepts that were discovered by Japanese researchers that appear in
most inorganic chemistry textbooks: the spectrochemical series [1] and the Tanabe–Sugano
diagram [2]. The spectrochemical series was proposed by Ryutaro Tsuchida of Osaka
University. It experimentally determined the order in which the wavelengths of the ab-
sorption spectrum bands shift when the ligands of a hexacoordinate octahedral cobalt
(III) complex are systematically substituted. With the establishment of the ligand field
theory [3], this came to be theoretically explained in the form we know today as the order
of ligand field strength and the magnitude of ligand field splitting. The “angular overlap
model (AOM)” [4], which goes a little further than the ligand field theory, allows us to
discuss σ- and π-bonds in coordination bonds (AOM eσ and eπ parameters), as well as their
donor and acceptor properties.

The Tanabe–Sugano diagram is a result of theoretical physics and is located at the
intersection of coordination chemistry and solid-state physics. It quantitatively illustrates
the energy of the terms due to the ligand field splitting of a hexacoordinate octahedral metal
complex according to the strength of the ligand field, taking into account the repulsion
between electrons. It can also explain why the gemstone ruby is red, the basic electronic state
of iron in hemoglobin contained in blood, and is a good example showing the relationship
between coordination chemistry and ligand field theory and earth sciences and biology.

As reviewed above [5], I have been studying the structure and electronic state of metal
complexes for about 30 years. Nowadays, de facto standard density functional theory (DFT)
calculation programs [6] and inexpensive, high-performance computers (sometimes even a
laptop computer may be sufficient) are widely available in laboratories. As someone who
has studied group theory and quantum mechanics and has been researching experimental
interpretations using empirical theoretical models, I am concerned about the relationship
with recent computational chemistry. It all started when, while comparing the electron
density of coordinate bonds obtained from X-ray crystal structure analysis with DFT
calculations, it became obvious that it was impossible to simply simulate experimental data
with intense thermal vibrations and large temperature factors (low electron density) [7,8].

For example, “ligand field strength” is treated as the effect of σ- and π-bonds on d
orbitals of coordinate bonds, but DFT does not give “local” calculation results. In carbonyl
complexes, what does π- back donation increasing the ligand field splitting (∆o) mean? The
“Racah parameters (A, B and C)”, which express the energy of ground and excited terms
in multi-electron systems, are integral values that express the repulsion between electrons
(originally based on atomic spectra). When changing the “ligand field strength” in DFT,
does the spin multiplicity of the ground term change? (It is possible to set this during input
and compare the energy stability.). Which orbital transition around HOMO-LUMO will
the “excited term” in the Oh point group represent? The nephelauxetic effect (B0/B) is an
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indicator of covalent bonding according to the literature on inorganic chemistry. With the
aid of the latest research [9], where in the DFT output file should we look for a clue after
UV-vis measurements?

The electronic state of a metal complex contains information on multiple physical
properties, such as the ground state (magnetism and electron spin), excited state (optical
transition), and lowest unoccupied molecular orbital (reduction potential). Is it possible to
interpret and predict the magnetic anisotropy parameters (D and E) [10], which determine
the potential energy of a single-molecule magnet [11], not only from magnetic circular
dichroism [12] or electron spin resonance experiments and alternating current magnetic
susceptibility measurements, but also from DFT? In light of this need, I hope to establish
correspondence with the current framework.

Conflicts of Interest: The author declares no conflicts of interest.

References
1. Tsuchida, R. Absorption Spectra of Co-ordination Compounds. I. Bull. Chem. Soc. Jpn. 1938, 13, 388–400. [CrossRef]
2. Tanabe, Y.; Sugano, S. On the absorption spectra of complex ions I. J. Phys. Soc. Jpn. 1954, 9, 753–766. [CrossRef]
3. Bethe, H. Zur Theorie des Zeemaneffektes an den Salzen der seltenen Erden. Z. Phys. 1930, 60, 218–233. [CrossRef]
4. Schäfer, C.E. Mixing s orbitals into p and d orbitals. An attempt at bridging the angular overlap model and the valence shell

electron pair repulsion model. Critique of the cellular ligand-field model. Inorg. Chim. Acta 1995, 240, 581–592. [CrossRef]
5. Homann, A.L.; Shaw, C.F. A widespread error in the d6 Tanabe-Sugano diagram. J. Chem. Edic. 1987, 64, 918. [CrossRef]
6. Frisch, M.J.; Trucks, G.W.; Schlegel, H.B.; Scuseria, G.E.; Robb, M.A.; Cheeseman, J.R.; Scalmani, G.; Barone, V.; Mennucci, B.;

Petersson, G.A.; et al. Gaussian, version 09, Revision D.01; Gaussian, Inc.: Wallingford, CT, USA, 2009.
7. Takiguchi, Y.; Onami, Y.; Haraguchi, T.; Akitsu, T. Crystallographic and Computational Electron Density of dx2-y2 Orbitals of

Azo-Schiff Base Metal Complexes Using Conventional Programs. Molecules 2021, 26, 551. [CrossRef] [PubMed]
8. Okui, A.; Tsuchiya, R.; Nakane, D.; Akitsu, T.; Blundell, T.J. High-Temperature X-Ray Crystal Structure Analysis of Schiff Base

Cu(II) and Ni(II) Complexes and Data Statistics. Molecules 2025, 30, 1289. [CrossRef] [PubMed]
9. Tchougréeff, A.F.; Dronskowski, R. Nephelauxetic effect revisited. Int. J. Quantum Chem. 2009, 109, 2606–2621. [CrossRef]
10. Neese, F.; Solomon, E.I. Calculation of Zero-Field Splittings, g-Values, and the Relativistic Nephelauxetic Effect in Transition

Metal Complexes. Application to High-Spin Ferric Complexes. Inorg. Chem. 1998, 37, 6568–6582. [CrossRef] [PubMed]
11. Takiguchi, Y.; Nakane, D.; Akitsu, T. The prediction of single-molecule magnet properties via deep learning. IUCrJ 2024, 11,

182–189. [CrossRef] [PubMed]
12. Kazmierczak, N.P.; Xia, K.T.; Sutcliffe, E.; Aalto, J.P.; Hadt, R.G. A Spectrochemical Series for Electron Spin Relaxation. J. Am.

Chem. Soc. 2025, 147, 2849–2859. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1246/bcsj.13.388
https://doi.org/10.1143/JPSJ.9.753
https://doi.org/10.1007/BF01339827
https://doi.org/10.1016/0020-1693(95)04586-4
https://doi.org/10.1021/ed064p918
https://doi.org/10.3390/molecules26030551
https://www.ncbi.nlm.nih.gov/pubmed/33494463
https://doi.org/10.3390/molecules30061289
https://www.ncbi.nlm.nih.gov/pubmed/40142064
https://doi.org/10.1002/qua.21989
https://doi.org/10.1021/ic980948i
https://www.ncbi.nlm.nih.gov/pubmed/11670788
https://doi.org/10.1107/S2052252524000770
https://www.ncbi.nlm.nih.gov/pubmed/38299376
https://doi.org/10.1021/jacs.4c16571
https://www.ncbi.nlm.nih.gov/pubmed/39778145

	References

