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Coordination chemistry
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Metal — Ligand bonding
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Metal Complex  Ligands Metal Complex Ligands (6CO) Metal Complex Ligands (4PF3)

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
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Electrostatics
-6.71 kcal/mol

000000 © §

Pauli repulsion
6.14 kcal/mol

Orbital interactions

-3.19 kcal/mol

o covalency
-2.41 kcal/mol

polarization
-0.34 kcal/mol

Jo O

polarization
-0.39 kcal/mol

dispersion
-0.91 kcal/mol




Electrostatics
-79.55

Chemical bonding — [Cr(NH3)6]3+
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o covalency
-36.43 kcal/mol

&

@

m Electrostatics
w Orbital

m Pauli

m Dispersion



Chemical bonding — [Cr(NH3)sCl]2+

v

Tt donation
2*(-9.44) kcal/mol

o covalency
-55.29 kcal/mol m Electrostatics
Electrostatics : (P)?r:;:ltal
-381.61 kcal/mol m Dispersion




Chemical bonding — covalency in [Pt(PF3)4]
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o donation
-26.52 kcal/mol

t* backdonation

-13.83 kcal/mol

nt* backdonation
-13.83 kcal/mol

o 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)s6]

o donation
-32.98 kcal/mol

™ backdonation
-19.60 kcal/mol

™ backdonation
-19.60 kcal/mol

o polarisation
-1.15 kcal/mol
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Swart, M. Chem. Phys. Lett. 2013, 580, 166; C. Daul, M. Zlatar, M. Gruden-Pavlovi¢, M. Swart in Spin states in biochemistry

and inorganic chemistry: influence on structure and reactivity,

7 (2016)




Spin-state splitting- Co(ll) scorpionate

ey(2) + + (2 Spin state  State Vacuum Solvation Gibbs Exp.

Co(d’) HS(Ds))  “E. 111 : -
LS(Dss)  2E, 57

- 4 —H‘jf”) N 4l —T—:gf” HS(C2) A, 1.18 043 035

HS(C)  “B, 1.01 0.18 0 HS
LS(Cap) 24, 0 0 143
Low-Spin High-Spin LS(Cx)  *B, 2.50 2.56  4.79
OPBE, relative to the ground state




Co(ll) vs. Ni(ll) 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




Fe(-11) - Bonding in [Fe(CO)4]2-

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

CO

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




Fe(-11) - Bonding in [Fe(CO)3NO]-

; ;Dg ; ’ E =-12 kcal/mol; E = -12 kcal/mol;

Ag=0.20 _
E =-149 kcal/mol;  E = -149 kcal/mol; E = -17 kcal/mol: q Aq=0.20
Aq=0.72 Aq=0.72 Aq=0.14
E = -34 kcal/mol;
Fe(-11) or Fe(0)? Aq=0.09
Closed shell or open shell singlet? E = -22 keal/mol: £ = -22 keal/mol.
Ag=0.31 Aq=0.31
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TD-DFT - [Pt(PF3)4]

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




TD-DFT - [Fe(CO)s]

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




Failure of TD- DFT [Ni(H20)6]2+

TD-DFT CASSCF  SORCI Exp.
BP86  CAM-B3LYP  SAOP

3Ag (15€3) 0 0 0 0 0 0
375 (262) 16,137 13,926 24,973 6,397 7,760 8,700
574 (t% 3 19,539 20,480 21,367 11,128 13,160 13,750
1Eg eg) 14,105 15,226 17,344 18,662 15,740 15,250
b (tg 3 20,220 20,244 23540 24,148 22,710 22,000
ST - « - 27,435 25320 25,144
MAE %r —> N 6613 5,978 11,945 2,405 570
MAE Cr —='r1) 1,462 890 1,817 2,780 600
MAE 4,038 3,434 6,881 2,555 580

Tlg or 7,

T,gorTI

ng orT,

I, arb. units

Azg ord,

- " -

A 0 A

3 35 %, d" tetrahedral &2.d7 octahedsal
1000 cm™ d*,d* octahedral &3, d® tetrahedral

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(H20)6]2+

Assignment BP86 PW91 OPBE SSB-D B3LYP CAM-B3LYP PBEO OPBEO Exp.
SAq ( t§ § 0 0 0 0 0 0 0 0 0
3 Ty (tg g 9,529 9,521 9,201 8,992 9,316 9,233 9,229 9,114 8,700
3 Tg (t Z 15,518 15,506 14,919 14,735 15,273 15,148 15,110 14,870 13,750
1Eg g g 12,478 12,410 13,258 13,465 12,232 12,218 12,759 13,321 15,250
1 Ty (t g 21,647 21,569 22,129 22,089 21,162 21,065 21,614 22,081 22,000
3 Tg (t4 26,040 26,026 24,807 25,100 26,059 25,889 25,684 25,061 25,144
MAE( r—3 N 1,164 1,153 669 440 1,018 892 810 539
MAE (3 ] ) 1,562 1,635 1,060 937 1,928 1,984 1,438 1,005
MAE 1,324 1,346 825 639 1,382 1,329 1,061 725

5 35

1000 cm’

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(ll) scorpionate
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M. Peric, A. Garcia-Fuente, MZ, C. Daul, S. Stepanovic, P. Garcia-Fernandez, and M. Gruden-Pavlovic, Chem. Eur. J. 2015

, 21,3716




Energy (eV)

Triplet states

Symmetry: red 4, blued, green £

Dissociation - [Pt(PF3)4] and [Cr(CO)e]
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Perspectives
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