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Motivation of the study
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@ Influence of initial electronic structures

Initial electronic structures have a decisive impact on the
result. Using the Gaussian09 software, we noticed:

» the need to decrease the symmetry,

» the need to carry out calculations from different initial

guess for the wavefunction.

Benchmark of DFT methods

~—a

Basis sets

» Pseudopotentials (LanL, SDD)

Poples’ basis sets
are suitable for Co and Co,:
» Triple- T basis sets

» With or without diffuse
functions (See results)

Results

Table 1: Influence of the level of theory on the description of Co,

¢ bond than the most stable septet (Table 2).

It has been pointed out in the literature that the theoretical characterization of cobalt dimer strongly depends on the functional used. There is also a
considerable influence of the base, for the same functional. Quintet states °A, seem to be strongly stabilized with bases containing diffuse functions, whereas they
are not found when the diffuse functions are removed (Table 1).

The use of a pure GGA functional in combination with a base that has no diffuse function makes it possible to better reproduce the experimental
electronic spectrum (Figure 1). It also leads to the identification of three states that are quasi-degenerated with the fundamental state, which is consistent with the
multi-reference nature of the system (Table 1, Figure 1).

The topological analysis QTAIM (Quantum Theory of Atoms in Molecules) reveals that the Co-Co chemical bond is calculated as being similar in the
most stable quintet and septet at the BPW91/6-311G(3df) level of theory (Table 2).

On the other hand, when the 6-311+G* basis set is used with the same functional, the most stable quintet is calculated as having a stronger chemical

It is noted that, for this septet calculated as the most stable at BPW91/6-311G(3df), the 6-311+G* base leads to a vibration frequency fully consistent
with the experimental data (Table 2).
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Table 2: Comparison of the QTAIM features of the most stable quintet and septet states calculated at the BPW91/6-311G(3df) and BPW91/6-311+G* levels of
theory. Bond critical points are shown in green, and the variation of the Laplacian of the electron density is plotted in the plane of the molecule.

Cobalt dimer: a challenge for quantum-chemistry calculation

In the case of DFT calculations, the
influence of the functional is
supplemented by the influence of the
base on the theoretical description of the
cobalt dimer:

» As far as the functional are concerned,
pure-GGAs clearly appear as the most
adequate for the description of Co,,

» As far as the choice of the base is
concerned, the situation is more
complex... and more disappointing. No
common basis set implemented in the
Gaussian09 software and that correctly
reproduces all the experimental data was
found.

Conclusions and perspectives
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. cobalt clusters, we need to overcome a twofold challenge:

» a lack of experimental and tehoretical benchmark data,

~ » the unavailability of a simple and common method for a precise and correct
- description of the cobalt dimer.

At this stage of our study, we could suggest to study a panel representation of

X

Product

cobalt clusters and similar systems with pure GGA functionals such as PBEPBE and

BPWO91, with two complementary triple-{ Pople basis sets:

For more complex systems
(Co,., and/or reactivity
study), there is a lack of
experimental data.

- » the 6-311+G* basis set, which would better reproduce the experimental
- vibration frequency of the fundamental electronic state identified using the 6-

| » the 6-311G(3df) basis set, which would better reproduce the quasi-degenerated
- states that are responsible for the multi-reference character of the cobalt dimer,

311G(3df) basis set.

To achieve an explanatory and predictive approach to the catalytic activity of small
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