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Coordination chemistry



Metal – Ligand bonding

M. Zlatar, M. Gruden, “Introduction to ligand field theory and computational chemistry in 
Practical Approaches to Biological Inorganic Chemistry, 2nd Edition, 17 (2020)



Chemical interactions/bonding – Energy Decomposition analysis

Electrostatics
-6.71 kcal/mol

Pauli repulsion
6.14 kcal/mol

Orbital interactions
-3.19 kcal/mol

σ covalency
-2.41 kcal/mol

polarization
-0.34 kcal/mol

polarization
-0.39 kcal/mol

dispersion
-0.91 kcal/mol



Chemical bonding – [Cr(NH3)6]3+

Electrostatics
-79.55

Electrostatics Pauli

Orbital Dispersion

σ covalency
-36.43 kcal/mol



Chemical bonding – [Cr(NH3)5Cl]2+

Electrostatics
-381.61 kcal/mol

σ covalency
-55.29 kcal/mol

π donation
2*(-9.44) kcal/mol

Electrostatics
Pauli
Orbital
Dispersion



Chemical bonding – covalency in [Pt(PF3)4]

σ donation
-26.52 kcal/mol

π* backdonation
-13.83 kcal/mol

π* backdonation
-13.83 kcal/mol

σ back-donation/polarisation
-10.84 kcal/mol

M. Zlatar, M. Allan, J. Fedor, J. Phys. Chem. C, 120 10667 (2016)



Chemical bonding – covalency in [Cr(CO)6]

σ donation
-32.98 kcal/mol

π* backdonation
-19.60 kcal/mol

π* backdonation
-19.60 kcal/mol

σ polarisation
-1.15 kcal/mol



Spin-state splitting – Fe(II)

High-Spin (2S+1=5)

Low-Spin (2S+1=1)

Swart, M. Chem. Phys. Lett. 2013, 580, 166; C. Daul, M. Zlatar, M. Gruden-Pavlović, M. Swart in Spin states in biochemistry 
and inorganic chemistry: influence on structure and reactivity, 7 (2016)



Spin-state splitting- Co(II) scorpionate

High-SpinLow-Spin



Co(II) vs. Ni(II) and HS vs. LS – PBPY-7 complexes

Spin-state changes coordination mode

S. Stepanovic, L. Andjelkovic, M. Zlatar, K. Andjelkovic, M. Gruden-Pavlovic, M. Swart Inorg. 
Chem. 2013 52 (23), 13415



E= -38 kcal/mol;  Δq=0.29 E= -36 kcal/mol; Δq=0.28 E= -18 kcal/mol; Δq=0.16

EPauli Eelst Eorb Eint Eprep E ΔQ

[Fe(CO)3]
2−--

CO
121.79 -104.05 -102.62 -84.88 14.42 -70.46 0.45 (to CO)

Fe(-II) - Bonding in [Fe(CO)4]2-

M. Gruden, M. Zlatar, Theoretical Chemistry Accounts, 139, 7, 126 (2020)



EPauli Eelst Eorb Eint Eprep Erel ΔQ

i) [Fe(CO)3]2−--

NO+

105.95 -210.78 -324.34 -447.17 86.07 -65.17 1.25 (to NO+)

ii) 2[Fe(CO)3]¯--
2NO

160.12 -93.37 -156.68 -89.94 23.95 -65.99 0.46 (to NO)

iii) 3[Fe(CO)3] --
3NO¯

195.04 -178.47 -122.76 -106.19 4.22 -65.99 0.28 (From No-)

E = -149 kcal/mol; 

Δq=0.72

E = -149 kcal/mol; 

Δq=0.72
E = -17 kcal/mol; 

Δq=0.14

E = -12 kcal/mol; 

Δq=0.20
E = -12 kcal/mol; 

Δq=0.20

E = -22 kcal/mol; 

Δq=0.31

E = -34 kcal/mol; 

Δq=0.09

E = -22 kcal/mol; 

Δq=0.31

Fe(-II) - Bonding in [Fe(CO)3NO]-

Fe(-II) or Fe(0)?
Closed shell or open shell singlet?



TD-DFT - [Pt(PF3)4]

M. Zlatar, M. Allan, J. Fedor, 
J. Phys. Chem. C, 120 10667 
(2016)



TD-DFT - [Fe(CO)5]

Allan M, Lacko M, Papp P, Matejcik S, 
Zlatar M, Fabrikant II, Kocisek J, Fedor J. 
PCCP. 2018; 20(17): 11692-11701.



Failure of TD- DFT [Ni(H2O)6]2+

TD-DFT: F. Vlahovic, M. Peric, M. Gruden, MZ, JCP, 142, 214111 (2015); ab-initio: F. Neese, et al. Coord. Chem. Rev. 251, 288 (2007); 
exp. C. Dobe, E. Gonzalez, P. L. W. Tregenna-Piggott, C. Reber, Dalton Trans. 43, 17864 (2014)



LF-DFT - [Ni(H2O)6]2+

LF-DFT: F. Vlahovic, M. Peric, M. Gruden, MZ, JCP, 142, 214111 (2015); exp. C. Dobe, E. Gonzalez, P. L. W. Tregenna-Piggott, C. 
Reber, Dalton Trans. 43, 17864 (2014)



Excited states and magnetic anisotropy - Ni(II) scorpionate

M. Peric, A. Garcia-Fuente, MZ, C. Daul, S. Stepanovic, P. Garcia-Fernandez, and M. Gruden-Pavlovic, Chem. Eur. J. 2015, 21, 3716 
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Dissociation - [Pt(PF3)4] and [Cr(CO)6]

Cr-C distance Cr-C distance



Perspectives

Fascinating Coordination Chemistry:

• coordination number, molecular symmetry, ligand- field strength, 
spin-orbit coupling, spin and oxidation states, redox potential, 
spin, and charge localization, electronic degeneracies

• Ground and excited states
• Interpretation, understanding, predict and design

Neutral dissociation – excited states 
Mechanism: role of MOs, spin-states, spin-orbit, vibronic coupling, 
dynamics
Environment



Thank you for your attention!
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