
 1 

Further Perspectives on the Teflate vs. Fluoride 

Analogy: The Case of a Co(II) 

Pentafluoroorthotellurate Complex 

Alberto Pérez-Bitrián,*[a] Julen Munárriz,[b] Johanna S. Sturm,[a] Daniel Wegener,[a] Konstantin 

B. Krause,[c] Anja Wiesner,[a] Christian Limberg,[c] Sebastian Riedel*[a] 

[a] Fachbereich Biologie, Chemie, Pharmazie, Institut für Chemie und Biochemie – Anorganische 

Chemie, Freie Universität Berlin, Fabeckstraße 34/36, 14195 Berlin (Germany). 

[b] Departamento de Química Física y Analítica, Universidad de Oviedo, Julián Clavería n° 8, 

Campus Universitario de El Cristo, 33006 Oviedo (Spain). 

[c] Institut für Chemie, Humboldt-Universität zu Berlin, Brook-Taylor-Straße 2, 12489 Berlin 

(Germany). 

 

 

 

 

 



 2 

Keywords 

Pentafluoroorthotellurate, cobalt, electronic structure, coordination chemistry, fluorine 

chemistry, theoretical chemistry, chemical bond 

 

Abstract 

The pentafluoroorthotellurate group (teflate, OTeF5) is considered as a bulky analogue of 

fluoride, yet its coordination behavior in transition-metal complexes is not fully understood. By 

reaction of [CoCl4]2– and neat ClOTeF5, we have synthesized the first cobalt teflate complex, 

[Co(OTeF5)4]2–, which exhibits moisture-resistant Co–OTeF5 bonds. Through a combined 

experimental and theoretical (DFT and NEVPT2) study, the properties and electronic structure of 

this species have been investigated. It exhibits a distorted tetrahedral structure around the cobalt 

center and can be described as a d7 system with a quartet (S = 3/2) ground state. A comparative 

bonding analysis of the (pseudo)tetrahedral [CoX4]2– anions (X = OTeF5, F, Cl) revealed that the 

strength of the Co–X interaction is similar in the three cases, being the strongest in 

[Co(OTeF5)4]2–. In addition, an analysis of the charge of the Co center reinforced the similar 

electron-withdrawing properties of the teflate and the fluoride ligands. Therefore, the 

[Co(OTeF5)4]2– anion constitutes an analogue of the polymeric [CoF4]2– in terms of electronic 

properties, but with a monomeric structure. 

 

1. Introduction 

The pentafluoroorthotellurate group (teflate, OTeF5) is a unique ligand, which often forms the 

only stable analogues of the corresponding metal fluorides.1,2 This is due to the similar electron-
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withdrawing character of the fluoride and the teflate ligand, which is accompanied in the case of 

the teflate by a much higher steric demand. Additionally, its high charge delocalization makes it 

very robust against electrophiles, enabling the preparation of different weakly coordinating 

anions,3 as well as the stabilization of high-oxidation-state complexes and highly reactive 

species.1,2 Interestingly, unlike the fluorides, metal teflates usually show molecular structures due 

to the low tendency of this ligand to form bridges. Despite the number of teflate compounds 

prepared thus far, the coordination chemistry of transition-metal teflate complexes has remained 

far less developed than that of main-group elements. In fact, it has only recently been 

demonstrated that the teflate group also behaves as a weak/medium-field ligand, similarly to the 

fluoride,4 and can also lead to transition-metal-based Lewis superacids.5 

Homoleptic transition-metal complexes are prototypical species in the development of 

coordination and organometallic chemistry due to their simple nature.6–8 In the particular case of 

first-row transition-metal teflate complexes, only few representatives are known, which has 

hindered the understanding of some fundamental physical and chemical properties associated to 

the teflate ligand. These examples are limited to the neutral [Ti(OTeF5)4] and the anionic 

[Ti(OTeF5)6]2– species,9–11 as well as the neutral [Fe(OTeF5)3], structurally characterized as the 

[Fe(OTeF5)3·3SO2ClF] adduct.12 Our recent investigation of the homoleptic [Ni(OTeF5)4]2– 

anion4 prompted us to extend our study to other 3d transition-metal teflate complexes with the 

aim to better understand the coordination chemistry of this ligand. The key role of cobalt in the 

development of coordination chemistry13 captured our attention to this metal, for which, 

additionally, no teflate complex had been reported so far. Nevertheless, in 1991 a very insoluble 

compound whose composition should correspond to [Co(OTeF5)3] was claimed to be prepared 

by reaction of CoCl2 and ClOTeF5, but no characterization was provided.12 Additionally, the 
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homoleptic [Co(OTeF5)4]2– anion was alluded to in a review in 1993, but its synthesis, 

characterization or properties have never been reported.14 

Within this context, we now present a combined experimental and theoretical study on the first 

compound containing Co–OTeF5 bonds, [NEt4]2[Co(OTeF5)4]. Different structural and electronic 

properties are investigated and a bond analysis is performed, with the aim of shedding light on 

the teflate/fluoride analogy in coordination chemistry. 

 

2. Results and discussion 

2.1. Synthesis and characterization of [NEt4]2[Co(OTeF5)4] 

The [NEt4]2[CoCl4] salt reacts with neat ClOTeF5 to produce [NEt4]2[Co(OTeF5)4] selectively 

as a bright blue powder in quantitative yield (Scheme 1). As a side-product, Cl2 is formed, which 

is removed from the reaction mixture by evaporation. This preparative approach is similar to that 

used for the synthesis of the related Ni4 or Au5 homoleptic anions, therefore entailing yet another 

example for the practicability of using the hypochlorite ClOTeF5
15,16 in the synthesis of teflate 

compounds.12,17–21 

[NEt4]2[CoCl4]  +  4 ClOTeF5 [NEt4]2[Co(OTeF5)4]− 4 Cl
2  

Scheme 1. Synthesis of [NEt4]2[Co(OTeF5)4]. 

The molecular structure of [NEt4]2[Co(OTeF5)4] in the solid state was determined by single-

crystal X-ray diffraction (see Supporting Information for details). The cations and the anion 

appear well-separated, much like in the complex [PPh4]2[Co(OPh)4].22 This is contrary to the 

case of the related [Co(OR)4]2– anions (R = C6F5, 3,5-C6H3(CF3)2, C4F9),23–26 in which strong 

interactions of the O atoms with the metal cations further deform the geometries around the 
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metal center. The {CoO4} core of the [Co(OTeF5)4]2– anion (Figure 1) can be described as a 

distorted tetrahedron. The distortion can be easily inferred already from the O–Co–O angles 

(94.9(3)–120.9(3)°), which lead to a calculated geometry index27 of τ4 = 0.88, indicating a rather 

prominent deformation from the regular tetrahedron (τ4 = 1.00). This entails a symmetry close to 

D2d for the {CoIIO4} entity, which results in an overall approximate S4 molecular symmetry when 

considering the special arrangement of teflate ligands. 

 

Figure 1. Molecular structure of the [Co(OTeF5)4]2– anion in the solid state as found in crystals 

of [NEt4]2[Co(OTeF5)4]. The [NEt4]+ cations have been omitted for clarity. Displacement 

ellipsoids set at 50% probability. Only one set of the disordered F atoms found in the [OTeF5]– 

ligand containing O4 is shown. Selected bond lengths [pm] and angles [°]: Co–O1 194.9(7), Co–

O2 195.7(7), Co–O3 193.3(7), Co–O4 195.3(6), O1–Co–O2 115.6(3), O1–Co–O3 100.1(3), O1–

Co–O4 113.5(3), O2–Co–O3 112.8(3), O2–Co–O4 94.9(3), O3–Co–O4 120.9(3). For 

crystallographic details see Supporting Information. 
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The distorted tetrahedral structure of the [Co(OTeF5)4]2– anion already suggests a spin 

configuration with three unpaired electrons (S = 3/2).6 An effective magnetic moment of 

μeff = 5.03 μB was measured for [NEt4]2[Co(OTeF5)4], which was found to be 

temperature-independent. This value is significantly higher than the spin-only value of 

μeff = 3.87 μB, corresponding to three unpaired electrons. This is due to orbital contributions to 

the magnetic moment, derived from the orbital mixing (spin-orbit coupling constant λ = –

170 cm–1 for Co2+), which are neglected in the spin-only formula.28,29 Nevertheless, this value is 

in agreement with other reported effective magnetic moments of high-spin Co(II) complexes 

with formulas [CoX4]2– (X = anionic ligand), which range between 4.4 and 5.1 μB.24,25,26,30,31 

Therefore, the [Co(OTeF5)4]2– anion can be described as a d7 system with a quartet (S = 3/2) 

ground state. Additionally, a simulation of the magnetic data was successfully performed, as 

shown in Figure 2. All fit parameters for [NEt4]2[Co(OTeF5)4] are reported in the Supporting 

Information. 

 

Figure 2. Experimental µeff versus T plot and fit for compound [NEt4]2[Co(OTeF5)4]. 
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2.2. Electronic configuration of the [Co(OTeF5)4]2– anion 

To attain a better understanding of the electronic properties of the [Co(OTeF5)4]2– anion, we 

performed a series of theoretical calculations. We found that the structure optimization of the 

quartet ground state at the B3LYP-D3BJ/def2-TZVP and M06L/def2-TZVP levels of theory 

renders structures that are in good agreement with the experimental one and, in fact, the 

distortion at the Co center persists (see Computational details). The range of O–Co–O angles 

(99.6–114.7° and 98.0–116.3°, respectively) is slightly narrowed with respect to the 

experimental values, but leads to very similar geometry indexes (τ4 = 0.93 and τ4 = 0.91, for 

BLYP and M06L, respectively). 

Despite the good agreement between the experimental and the DFT-optimized structures, we 

performed multireference calculations to unravel potential multiconfigurational effects that 

might make single-reference DFT calculations unsuitable for the study of the electronic structure 

of the system. In particular, we analyzed the electronic structure of the [Co(OTeF5)4]2– anion by 

combining state-average complete active space self-consistent field (SA-CASSCF),32 with the 

perturbative treatment of dynamic electron correlation provided by n-electron valence state 

perturbation theory (NEVPT2).33–35 In the SA-CASSCF calculation, we considered 10 quartet 

and 10 doublet states. In a hypothetically perfect tetrahedral geometry, they would correspond to 

the following terms: 4A2, 4T2, 4T1(F), 4T1(P), 2E2, 2T1, 2T2, 2A1 and 2A2. In the active space, we 

included the molecular orbitals mainly composed by the metal 3d orbitals as well as the Co–O 

orbitals with significant 3d contribution. Additionally, to account for the well-known double-d 

shell correlation effects, we also included in the calculation the 4d orbitals of Co.36–38 The active 

space molecular orbitals are provided in Figure S5 and the energies and composition for the 

different states are provided in Table S4. At this point, the most relevant information is related to 
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the ground state of the [Co(OTeF5)4]2– anion, which, as expected, corresponds to the pseudo-4A2 

quartet state (in tetrahedral notation). Such state can be considered to be mainly single reference, 

with the 3dz2
23dx2−y2

23dxy
13dyz

13dxz
1 electronic configuration (Figure 3) accounting for 97.9% of 

the CAS wave function. The fact that the ground state of our system is mainly single reference 

justifies, in broad strokes, the use of DFT for describing it, considering in addition (i) that the 

electronic configuration according to the multireference calculations corresponds to the 

DFT-computed ground state, which in turn, is in line with the three unpaired electrons derived 

from the determined effective magnetic moment of [NEt4]2[Co(OTeF5)4] (vide supra), and (ii) 

that the experimental (Figure 1) and the computed structures are in very good agreement. 

Regarding the electronic structure, the calculations further revealed that the first doublet state is 

219 kJ mol–1 higher in energy, providing additional evidence for the quantitative population of 

the quartet ground state. As commented above, although the deviation from the tetrahedral 

structure in the {CoO4} local environment is not very pronounced, the spatial distribution of the 

teflate ligands results in a molecular symmetry that is very close to S4. This leads to a further 

splitting of the orbitals, as schematically shown in Figure 3. 
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Figure 3. Schematic representation of the energy diagram of the MOs mainly composed by Co 

3d orbitals. MOs correspond to the SA-CASSCF(15,14) ones, and the highest Löwdin orbital 

composition is shown in parenthesis. 

We now proceed to analyze in detail the coordination effects of the teflate ligand. The obvious 

compound to compare with would be the corresponding fluoride analogue. Unfortunately, the 
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extended layered structure of [CoF4]2–, containing corner-sharing {CoF6} octahedra,39–42 

prevents comparing the effect on a (pseudo)tetrahedral coordination environment. In this context, 

the prototypical [CoCl4]2– anion seemed like a good candidate for such analysis. For the sake of 

comparison, we will focus on the [NMe4]+ salt, which should provide a similar chemical 

environment, with well-separated cations and anions. The fact that the Cl–Co–Cl angles vary 

here from 108.3(2)° to 112.8(4)°, leading to a slight distortion towards D2d symmetry (τ4 = 

0.97),43 has been rationalized – via comparison with the related [NiCl4]2– and [ZnCl4]2– complex 

anions – by crystal packing forces.43 This interpretation is in line with the finding that 

optimization of the [CoCl4]2– anion (B3LYP-D3BJ/def2-TZVP level of theory) leads to a 

perfectly tetrahedral coordination sphere. In fact, when the structure of a hypothetically discrete 

[CoF4]2– anion is optimized, it also has Td symmetry in the ground state. 

Due to the simplicity of the [Co(OTeF5)4]2– anion, electronic spectroscopy can help to get 

insights into its electronic structure. The description will be done in terms of a hypothetical 

tetrahedral ligand field, which is the one that has been used to perform such studies with the 

well-investigated [CoCl4]2– anion, as well as with the related [Ni(OTeF5)4]2– compound.4 

Tetrahedral [CoX4]2– species exhibit a 4A2 ground term and three transitions are observed in their 

UV-Vis spectra: ν1 (4T2 ← 4A2), ν2 (4T1(F) ← 4A2), and ν3 (4T1(P) ← 4A2).31,44 The spectrum of 

compound [NEt4]2[Co(OTeF5)4] (Figure 4) is qualitatively the same as for other tetrahedral 

[CoX4]2– species, including both the thoroughly investigated tetrahalogenidocobaltates (X = Cl, 

Br, I),30 as well as other homoleptic compounds in which X is an O-donor ligand.23–25 As 

expected, we observe mainly the ν3 absorption, split into several components as in case of the 

tetrachloridocobaltate(II) anion, for which spin-orbit coupling in combination with dynamic 

Jahn-Teller effects in the excited states were discussed as the origins.30 In the case of 
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[Co(OTeF5)4]2– also a symmetry lowering could be responsible. Transition ν1 lies at low energy 

and therefore cannot be observed in our measurement window, similarly to ν2, which cannot be 

observed entirely. Overall, these d–d transitions appear blue-shifted with respect to those of the 

[CoX4]2– complexes (X = Cl, Br, I), suggesting an increase in the ligand-field strength in the 

order I– < Br– < Cl– < [OTeF5]–. This highlights the fact that the teflate group is an analogue of 

fluoride in ligand-field terms.4 At this point, we note that the UV-Vis spectrum is in agreement 

with our NEVPT2 calculations. Namely, the ν3 transition is predicted to lie in the range of 

19237–19356 cm–1, and ν2 in the range of 6447–6822 cm–1. While the deviation is significant for 

ν3, we consider the spectra description to be qualitatively correct, especially taking into account 

that relativistic and environment effects were not considered and that no approximation to the 

basis set limit was made. 

 

Figure 4. UV-Vis-near-IR spectrum of [NEt4]2[Co(OTeF5)4] in CH2Cl2 (~0.01 M). 
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2.3. Stability and chemical bonding studies 

To get further insights into the nature of [NEt4]2[Co(OTeF5)4], we studied the stability and the 

properties of the Co–OTeF5 bond, which had remained elusive until now. In this regard, 

[NEt4]2[Co(OTeF5)4] shows a high thermal stability up to 248 °C under strictly inert conditions 

(see Figure S3), similar to the nickel analogue.4 Surprisingly, the Co–OTeF5 bonds are stable to 

ambient conditions, yet under a humid environment, the color of the solid changes from deep 

blue to pale pink, indicating a change in the coordination geometry from tetrahedral to 

octahedral,45 probably due to the coordination of two water molecules (see Supporting 

Information for additional details). Nevertheless, the teflate ligands likely remain coordinated to 

the cobalt center, as drying this pink solid under vacuum reverts the process, giving rise to the 

characteristic deep blue color of the four-coordinate [NEt4]2[Co(OTeF5)4], as also checked by IR 

spectroscopy. 

One source of information on the character of the Co–OTeF5 bond certainly is the analysis of 

the IR spectrum of [NEt4]2[Co(OTeF5)4] (see Figure S1). The Te–O vibration appearing at 

834 cm–1, i.e. above 820 cm–1, is indicative of an ionic character of the Co–OTeF5 bond.46 The 

similar local coordination environment in the [CoX4]2– anions (X = OTeF5, F, Cl) prompted us to 

further investigate the Co–X bonding situation in the [Co(OTeF5)4]2– anion and compare it to that 

of the electronically closely related but hypothetical [CoF4]2– anion and the known [CoCl4]2– 

anion, containing chloride ligands that differ more with respect to the ∆T they are causing. 

For performing theoretical bonding studies we selected the Interacting Quantum Atoms (IQA) 

energy decomposition scheme.47 In general terms, this is a chemically meaningful parameter-free 

and orbital-invariant approach that decomposes the total molecular energy into different 
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contributions from a scalar topological partition, which in most cases (including this one), is that 

provided by the quantum theory of atoms-in-molecules (QTAIM) methodology.48 Namely, the 

energy is divided into intra-atomic and inter-atomic contributions between pairs of atoms (say A 

and B). In turn, the inter-atomic contributions can be further decomposed into a classical 

electrostatic contribution (Vcl
AB) and an exchange-correlation contribution (Vxc

AB). The former  

(Vcl
AB) is related to the bond ionicity, while the latter (Vxc

AB) provides a measure of electron 

delocalization, being directly connected with covalency.49–51 In fact, the exchange-correlation 

contribution Vxc
AB has been recently proposed by Martín Pendás et al. to be used as a measure of 

bond strength, since the electrostatic counterpart (Vcl
AB) is likely to be affected by long-range 

interactions, which are specially relevant in systems bearing highly electronegative groups, as it 

is the case in the ones considered herein.52 Another significant aspect of the IQA/QTAIM 

framework is its ability to extend the aforementioned discussion beyond the partitioning of the 

molecule into individual atoms. Indeed, it can be readily applied to scenarios where the molecule 

is divided into multiple groups or fragments, each comprised of one or more atoms.47 In this 

manner, the teflate group was defined as the collective sum of all the atoms constituting it, and 

its interaction with cobalt is determined by the summation of pairwise interactions between each 

of those atoms and the metal center. As we will study the interaction between Co and a given 

group (X = OTeF5, F or Cl), we will refer to the exchange-correlation interaction terms as Vxc
CoX. 

The strongest bond in terms of Vxc
CoX corresponds to [Co(OTeF5)4]2–, being –293.6 kJ mol–1, 

while the least favorable term, –264.7 kJ mol–1, corresponds to [CoF4]2– (see Table 1). In the case 

of the [CoCl4]2– anion, Vxc
CoX takes an intermediate value of –277.1 kJ mol–1. It should be noted 

that the values for the three complexes are relatively similar, indicating a comparable strength of 

the Co–X bonds in all cases. Additionally, the electronegativity of the X group was studied by 
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analyzing the QTAIM charge of the Co center. In this regard, the similarity between fluoride and 

teflate is clear, as both lead to the same charge at the metal center, q(Co) ~1.44 |e–|. As expected, 

the chloride ligand induces a significantly lower charge at the Co atom, q(Co) = 1.215 |e–|. This 

result is in line with chlorine having the lowest electronegativity, yet it also reinforces the 

similarity of the fluoride and teflate ligands in their electron-withdrawing properties.1,2 Overall, 

this analysis aligns with the fact that the [Co(OTeF5)4]2– anion can be seen as an analogue of 

[CoF4]2– in terms of bonding properties, but with the discrete structure of the heavier 

halogenidocobaltates. 

Table 1. Calculated Co–X distance (in pm), Vxc
CoX (in kJ mol–1) and QTAIM charges (in |e–|) for 

[CoX4]2– complexes (X = OTeF5, F, Cl).  

X = d (Co–X)  Vxc
CoX q(Co) q(X) 

OTeF5
[a] 196.72 –293.6 1.439 –0.860 

F 197.62 –264.7 1.443 –0.861 

Cl 235.80 –277.1 1.215 –0.804 
[a]For structurally distorted [Co(OTeF5)4]2– anions, we took average properties, as the values 

for the four different teflate groups were very similar. Namely, Vxc
CoX ranged between –293.3 and 

–293.8 kJ mol–1 for the four different ligands.  

 

3. Conclusions 

In summary, we have presented a mixed experimental and theoretical study on the 

[Co(OTeF5)4]2– anion, which is the first cobalt pentafluoroorthotellurate complex and constitutes 

the only group 9 metal teflate species reported thus far. Complex [NEt4]2[Co(OTeF5)4], whose 

Co–OTeF5 bonds are stable to ambient conditions, could be prepared through the reaction of 

[NEt4]2[CoCl4] with ClOTeF5 and exhibits a distorted tetrahedral geometry around the metal 

center. The electronic structure of the [Co(OTeF5)4]2– anion was investigated by means of DFT 
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and SA-CASSCF/NEVPT2 calculations, showing a pseudo-4A2 quartet as the ground state 

(S = 3/2). This result is backed experimentally by the determined effective magnetic moment, 

indicating the presence of three unpaired electrons, as well as by UV/Vis spectroscopy. Our 

bonding study of the four-coordinate [CoX4]2– anions (X = OTeF5, F, Cl) through the IQA 

energy decomposition scheme demonstrates that the strength of the Co–X interaction is similar 

for the three analogues, being the strongest in case of teflate. In addition, analysis of the charges 

in the metal center supports the well-known fact that the fluoride and the teflate anions have 

similar electron-withdrawing properties. 

 

4. Experimental section 

4.1. General procedures and materials 

All experiments were performed under rigorous exclusion of moisture and oxygen using 

standard Schlenk techniques. Solids were handled in a MBRAUN UNIlab plus glovebox under 

an argon atmosphere (O2 < 0.5 ppm, H2O < 0.5 ppm). Solvents were dried using a MBraun SPS-

800 solvent system (CH2Cl2, n-pentane), or over 3 Å molecular sieves (o-difluorobenzene 

(oDFB)). [NEt4]2[CoCl4]53 and ClOTeF5
16 were prepared as described elsewhere. All other 

reagents were purchased from standard commercial suppliers and used as received. Elemental 

analyses (CHNS) were carried out using a VARIO EL elemental analyzer. The IR spectrum 

shown in Figure S1 was measured on neat solid samples at room temperature inside a glovebox 

under an argon atmosphere using a Bruker ALPHA FTIR spectrometer with a diamond ATR 

attachment with 32 scans and a resolution of 4 cm–1. The IR spectrum shown in Figure S4 was 

recorded on a Nicolet iS50 Advance FTIR by Thermo Fisher Scientific equipped with an ATR 

unit, with a Ge on KBr beamsplitter and a DLaTGS-KBr detector for MIR and a solid-substrate 
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beamsplitter with a DLaTGS-PE detector for FI. The electronic spectrum shown in Figure 4 was 

collected in CH2Cl2 solution (~0.01 M) in a Cary5000 UV-Vis-NIR from Agilent between 200 

and 1600 nm. Further parameters associated with the measurement were: slit 2 nm, step 1 nm, 

grating change 800 nm, lamp change 350 nm. Details of the magnetic susceptibility 

measurements and of the thermogravimetric analysis are given in the Supporting Information. 

 

4.2. Synthesis of [NEt4]2[Co(OTeF5)4] 

[NEt4]2[CoCl4] (100 mg, 217 µmol, 1 equiv.) was weighed into a Schlenk flask with a 

greaseless Teflon stopcock. After cooling down to −196 °C, ClOTeF5 (356 mg, 1.30 mmol, 

6 equiv.) was condensed onto it. The mixture was allowed to warm to room temperature under 

stirring giving rise to the evolution of Cl2 as a yellow gas. The mixture, which turned first green 

and immediately afterwards blue, was stirred for 30 minutes. After removal of the volatiles and 

drying overnight under vacuum, a deep blue solid was obtained and identified as 

[NEt4]2[Co(OTeF5)4] (276 mg, 217 µmol, quant.). IR (ATR, 298 K, Figure S1): 𝜈𝜈� / cm−1 = 3001 

(w), 1486 (m), 1458 (w), 1443 (w), 1396 (w), 1369 (w), 1186 (w), 1174 (w), 1069 (w), 1053 (w), 

1032 (w), 1001 (w), 834 (m, Te–O), 783 (m), 662 (vs, Te–F), 615 (w), 442 (m, Co–O). 

Elemental analysis calcd (%) for C16H40CoF20N2O4Te4: C 15.1, H 3.2, N 2.2; found: C 15.5, H 

3.1, N 2.3. UV-Vis (CH2Cl2): λmax / nm = 566, 594, 612, 643, 1364, 1551. 

 

4.3. Crystallography 

Blue single crystals suitable for X-ray diffraction were obtained by slow diffusion of a layer of 

n-hexane (1.5 mL) into a solution of [NEt4]2[Co(OTeF5)4] in oDFB (ca. 10 mg in 1.5 mL) at 

4 °C. Crystal data were collected with MoKα radiation on a Bruker D8 Venture diffractometer 
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with a CMOS area detector. Single crystals were picked at –40°C under nitrogen atmosphere and 

mounted on a 0.15 mm Mitegen micromount using perfluoroether oil. The structures were solved 

with the ShelXT54 structure solution program using intrinsic phasing and refined with the 

ShelXL55 refinement package using least squares minimizations by using OLEX2.56 In the 

structure of [NEt4]2[Co(OTeF5)4], the F atoms of the [OTeF5]− ligand containing O4 are 

disordered over two positions and were refined with 0.59 and 0.41 partial occupancy each. The 

program Diamond V4.6.4 was used for visualization.57 CCDC 2251373 contains the 

supplementary crystallographic data for this paper. These data are provided free of charge by 

The Cambridge Crystallographic Data Centre. Crystal data and other details of the structure 

analyses are summarized in Table S1. 

 

4.4. Computational details 

DFT calculations were performed by means of the Gaussian 16 software package.58 We 

considered B3LYP59 (in conjunction with D3BJ dispersion correction scheme60,61) and M06L62 

exchange-correlation functionals. For optimizations and transition state search, we applied the 

Ahlrichs triple-zeta def2-TZVP basis set.63 The nature of the stationary points was confirmed by 

analytical frequency analysis. 

Multireference calculations on [Co(OTeF5)]2– were performed on the B3LYP-D3BJ optimized 

structure by using the ORCA 5.0 package.64,65 In both, CASSCF and NEVPT2 calculations, we 

considered the def2-TZVP basis set, as well as the RI approximation to speed up the 

calculations, in conjunction with def2/JK auxiliary basis set.66 As stated in the main text, in 

SA-CASSCF calculations we chose an active space that includes the 3d molecular orbitals of the 

metal, the Co–O orbitals and, to account for the double shell effect, the 4d orbitals of Co. This 
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way, the active space is composed by 14 molecular orbitals and 15 electrons, CAS(15,14), and is 

shown in Figure S5. In the state average, we included 10 doublets and 10 quartets. Strongly 

contracted NEVPT2 calculations were performed on top of the SA-CASSCF wavefunction. 

IQA calculations were performed on the corresponding monodeterminantal 

B3LYP-D3BJ/def2-TZVP wavefunctions by using PROMOLDEN CODE.67 Molecular orbital 

representations were made by using VESTA software.68 
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The [Co(OTeF5)4]2– anion is the first group 9 metal teflate complex to be prepared and 

characterized. Through this combined experimental and theoretical study, the [OTeF5]–/F– 

analogy in coordination chemistry is further supported. 


