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Abstract

Recently, A. Kovalenko et al. reported the computational study of molecular structure and
energetics of CO2+Ha reduction reaction on Cu-, Cu20-, Fe-, and Fe3O4-based nanocatalysts in J.
Mol. Model., 26, 267 (2020). Authors claim that they developed and tested the multiscale modeling
description of this process by combining the periodical boundary condition density functional
theory (PBC DFT) and molecular theory of solvation. However, due to inappropriate selection of
intermediate strictures, in particular, the unfavorite structure of CO* adsorbed on Cu-, Cu20-, Fe-
, and Fes04- nanoparticles, and some inconsistency in preparation of initial structures by DFT
approach there are serious concerns about the correctness and quality of the presented results. In
addition, by this comment, | would like to help other researchers working on the development of
new catalysts for electrochemical reduction of CO: to avoid further misunderstandings following
from this study.
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Introduction

The electrochemical CO> reduction in which carbon dioxide is converted back into a usable fuel
attracts a lot of attention in industrial and academic research as it offers a smart pathway for
sustainable carbon dioxide consumption. [1]. However, in order to efficiently break the strong
carbon-oxygen bond the development of the new catalysts with high effectiveness and selectivity
is required. This increases the need for the detailed understanding of possible pathways of the
reaction and their energetics which in turn rises the role of computation modeling as an important
tool providing a valuable inside into the area [2-5].

To date there is a large number of research devoted to the theoretical study of catalytic properties
of different surfaces, nanoparticles and hybrid systems, (e.g., see reviews [6, 7]) but regardless of
the necessity of further computational investigations of numerous pathways, the initial steps of the
reaction are well described [4-9]. The adsorption of CO and following formation of CO on the
catalytic surface are between the most important steps in different pathways of electrochemical
COz reduction. They are sufficiently represented in the literature [2,10,11] including works [12-
17] referenced and used by A. Kovalenko et al. as the pathways for their modeling of the
electrochemical COz conversion in [18].



Comments

Unfortunately, the step presented by authors in Figures 2d, 3d, 4d and 5d [18] does not correspond
to any intermediate steps of CO2+H> reduction reaction suggested till now, including the works
referenced by A. Kovalenko in [18]. Moreover, because the induced charges and optimal
geometries of systems mentioned above were used in the following 3D-RISM calculations, the
free energies presented in Table 1 and Figure 6 [18] correspond to the meaningless structures.

Also, the parameters of DFT calculations used in [18] are questionable. For example, the Cuz;
cluster (as well as other Cu2O-, Fe-, and Fe3O4 clusters) which authors called a “slab” is modeled
by periodical boundary density functional theory (PBC DFT), however the shorter distance
between clusters in neighbouring periodical cells is about 13 A which exclude their interaction.
Despite this, the authors use a large number of k-vectors (10x10x10) which make sense only for
3D periodical systems.

To illustrate the instability of structures presented in Figures 2d, 3d, 4d and 5d [18] the interaction
of CO with the system containing twenty-one copper atoms similar to used by A. Kovalenko was
modeled by the same software package OpenMX [19] with the same basis set, electronic
temperature and box size (20Ax20Ax20A) [18]. The only cut-off energy was changed to fit the
recommended range (200 Ryd) [20] to increase the accuracy of calculations.

As the authors do not provide the information about using dispersion correction and magnetic
properties of Cuyi, the presented calculations were performed for different combinations of these
parameters (see Table 1 and Figure 1). Many works (e.g. [21]) suggest to use the D3 in combination
with PBE functional to get more accurate results for the adsorption of CO on metallic structures.
As it can be seen from the table the effect of including the dispersion correction is mostly affect
the adsorption energies defined as:

Eads = _[Etotal - (Eadsorbate + Eadsorbent)] . (1)

Apparently, the authors kept the geometry of the “slab” fixed during the optimization of CO, so
the presented calculations were performed for both the fixed and relaxed Cuy; cluster. Two initial
positions of the CO molecule oriented by Carbon (Figure 1a) and by Oxygen (Figure 1f) to the
“slab” were used in the computations.

The relaxed structures resulting from the first initial orientation (Figure 1a) are presented in
Figures 1b-1e. They have a stable covalent bond (~ 1.83 A) between C and Cu atoms. Oppositely,
in the case of CO-reversed initial orientation (Figure 1f), the CO molecule was repelled from the
cluster (Figures 1g-1j) to the distance of about 2.9 A, thus excluding the covalent bond formation.
The corresponding energies and distances are listed in Table 1.

Whenever the Cuy: cluster was relaxed too (Figure 2), the CO molecule formed the stable C-Cu
covalent bond for both initial orientations (Figures 1a and 1f) which clearly shows the instability
of structures in Figures 2d, 3d, 4d and 5d presented in [18]. The copper cluster significantly
changed its shape which does not allow to fully separate the adsorption and redistribution energies.
This also shows that the system selected in [18] cannot correctly represent the “2-atom vacancy
Cuz: slab nanocatalyst” [18] due to the strong stress forces appearing on the surface of Cuy: cluster.



Another important point is that the combination of 3D-RISM [23] and PBC DFT used in [18] is
not self-consistent. That means that “the partial charges and geometries obtained from running the
OpenMX software package” are calculated in a vacuum and so do not contain the effect of solvent.
Further, these parameters are used in the molecular theory of solvation calculations which makes
resulting free energies (Table 1 [18]) less accurate. At the same time, there is the freely available
self-consistent combination of 3D-RISM with PBC DFT [24] implemented into the Quantum
Espresso package [25]. It was already used to model properties of the Pt(111)/electrolyte
electrochemical interface [26].

Conclusions

In principle, the self-consistent combination of PBC DFT and 3D-RISM is perspective way to
study of the intermediate products of electrochemical reduction of CO2 to hydrocarbon fuels,
however, the work presented by A. Kovalenko et al. [18] contains some faults in system
preparation as well as in the application of periodical density functional theory which does not
allow to recommend it as the reference work for this approach.
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Distance, A
Magnetic Cu1 Non-Magnetic Cuz:
R(Cu21-CO) R(Cu21-OC) R(Cu21-CO) R(Cu2:-OC)
DFT-D3 1.83142 2.97017 1.83900 2.96940
DFT 1.83222 2.85480 1.83296 2.97138
Adsorption Energy, eV
Magnetic Cu1 Non-Magnetic Cuz:
E(Cux-CO) E(Cu21-OC) E(Cu2:-CO) E(Cu21-OC)
DFT-D3 1.06942 0.24926 1.21227 0.18068
DFT 1.20111 0.12626 1.16927 0.12136

Table 1.

C-Cu and O-Cu interatomic distances and adsorption energies for the relaxed systems

presented in Figure 1 (b-e, g-j) calculated by optimization of the initial states in Figure 1a (Cua:-
CO) and Figure 1f (Cu21-OC).
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Figure 1. Initial (carbon oriented a and oxygen oriented f) and corresponding CO-Cua; optimized
structures (b-e for carbon oriented and g-j for oxygen oriented initial), calculated for magnetic (c,e,h,j)
and non-magnetic (b,d,g,i) Cuaz, with (d,e,i,j) and without (b,c,g,h) D3 dispersion correction. Prepared
using BIOVIA Discovery Studio 2020 [22].
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Figure 2. The structures obtained similarly to Figure 1 b-e, g-j with additional optimization of Cux
cluster. Prepared using BIOVIA Discovery Studio 2020 [22].




