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Two electron reducing reaction of CO 2 to oxalate anion: theoretical study of delocalized (presolvated) electrons in Al(CH 3 ) n (NH 3 ) m , n = 0 -2 and m = 1 -6, clusters

I. Introduction

It has been well known, since the early years of the nineteenth century, that the alkali metal solvation in ammonia significantly displaces the alkali valence electron from the metal center, which leads to confined electrons by the solvent shell. [START_REF] Thomas | Boundless Chemist, Physicist, Poet and Man of Action[END_REF][START_REF] Zurek | A Molecular Perspective on Lithium-Ammonia Solutions[END_REF][START_REF] Feng | Theoretical models for solvated electrons[END_REF] Over the last few decades, numerous experimental [START_REF] Catterall | Metal-ammonia solutions[END_REF][START_REF] Elg | Recent advances in understanding the role of solvated electrons at the plasma-liquid interface of solutionbased gas discharges[END_REF][START_REF] Seel | Low energy structural dynamics and constrained libration of Li(NH 3 ) 4 , the lowest melting point metal[END_REF][START_REF] Sacchetti | Complex dynamics in low electron density lithium ammonia solutions. Interacting modes revealed by comparing neutron and x-ray inelastic scattering[END_REF] and theoretical [START_REF] Glover | Simulating the Formation of Sodium:Electron Tight-Contact Pairs: Watching the Solvation of Atoms in Liquids One Molecule at a Time[END_REF][START_REF] Glover | Nature of Sodium Atoms/(Na + , e -) Contact Pairs in Liquid Tetrahydrofuran[END_REF][START_REF] Zurek | Barely) Solid Li(NH 3 ) 4 : The Electronics of an Expanded Metal[END_REF][START_REF] Chaban | Electron Solvation in Liquid Ammonia: Lithium, Sodium, Magnesium, and Calcium as Electron Sources[END_REF][START_REF] Baranyi | Excess electron solvation in ammonia clusters[END_REF][START_REF] Ariyarathna | Aufbau Principle for Diffuse Electrons of Double-Shell Metal Ammonia Complexes: The Case of M(NH 3 ) 4 @12NH 3 , M = Li, Be + , B 2+[END_REF][START_REF] Ariyarathna | Dative bonds versus electron solvation in tri-coordinated beryllium complexes: Be(CX) 3 [X = O, S, Se, Te, Po] and Be(PH 3 ) 3 versus Be(NH 3 ) 3[END_REF][START_REF] Ariyarathna | Aufbau Rules for Solvated Electron Precursors: Be(NH 3 ) 4 0,± Complexes and Beyond[END_REF][START_REF] Ariyarathna | Electronic and geometric structure analysis of neutral and anionic alkali metal complexes of the CX series (X = O, S, Se, Te, Po): The case of M(CX) n = 1-4 (M = Li, Na) and their dimers[END_REF] studies have addressed not only the solubility of different metals [START_REF] Catterall | Metal-ammonia solutions[END_REF][START_REF] Ariyarathna | Aufbau Rules for Solvated Electron Precursors: Be(NH 3 ) 4 0,± Complexes and Beyond[END_REF][START_REF] Ariyarathna | Stability and Electronic Features of Calcium Hexa-, Hepta-, and Octa-Coordinated Ammonia Complexes: A First-Principles Study[END_REF][START_REF] Ariyarathna | Superatomic nature of alkaline earth metal-water complexes: the cases of Be(H 2 O)0,+4 and Mg(H 2 O)0,+6[END_REF][START_REF] Jordan | Can boron form coordination complexes with diffuse electrons? Evidence for linked solvated electron precursors[END_REF][START_REF] Jackson | The nature of supermolecular bonds: Investigating hydrocarbon linked beryllium solvated electron precursors[END_REF][START_REF] Almeida | Transition-metal solvated-electron precursors: diffuse and 3d electrons in V(NH 3 )0,±6[END_REF][START_REF] Almeida | Electronic and structural features of octa-coordinated yttriumammonia complexes: the first neutral solvated electron precursor with eight ligands and three outer electrons[END_REF][START_REF] Khan | Scandium in Neutral and Positively Charged Ammonia Complexes: Balancing between Sc 2+ and Sc 3+[END_REF][START_REF] Jackson | Electronic and geometric structure of cationic and neutral chromium and molybdenum ammonia complexes[END_REF] in NH3 but also the role of different solvents in the formation of solvated electrons. [START_REF] Furukawa | Dissolution behavior of lithium compounds in ethanol[END_REF][START_REF] Mozhzhukhina | A conductivity study of preferential solvation of lithium ion in acetonitrile-dimethyl sulfoxide mixtures[END_REF][START_REF] Seng Tan | Synthesis and Characterization of Biphenyl-Based Lithium Solvated Electron Solutions[END_REF][START_REF] Ariyarathna | Geometric and electronic structure analysis of calcium water complexes with one and two solvation shells[END_REF] The study of solvated metals in NH3 has recently been applied to some transition metals. [START_REF] Almeida | Transition-metal solvated-electron precursors: diffuse and 3d electrons in V(NH 3 )0,±6[END_REF][START_REF] Almeida | Electronic and structural features of octa-coordinated yttriumammonia complexes: the first neutral solvated electron precursor with eight ligands and three outer electrons[END_REF][START_REF] Khan | Scandium in Neutral and Positively Charged Ammonia Complexes: Balancing between Sc 2+ and Sc 3+[END_REF] Experimental and theoretical works have evidenced that the solvation of metals in different solvents (ammonia, water, and tetrahydrofuran (THF), for example) give rise to the three categories of solvated species: tetracoordinated complexes such as Li(NH 3 ) 4 , [START_REF] Seel | Low energy structural dynamics and constrained libration of Li(NH 3 ) 4 , the lowest melting point metal[END_REF][START_REF] Ariyarathna | Superatomic nature of alkaline earth metal-water complexes: the cases of Be(H 2 O)0,+4 and Mg(H 2 O)0,+6[END_REF][START_REF] Seel | Electron Solvation and the Unique Liquid Structure of a Mixed-Amine Expanded Metal: The Saturated Li-NH 3 -MeNH 2 System[END_REF] hexacoordinated species such as Na(NH3)6, [START_REF] Ariyarathna | Stability and Electronic Features of Calcium Hexa-, Hepta-, and Octa-Coordinated Ammonia Complexes: A First-Principles Study[END_REF][START_REF] Dong | Electron Presolvation in Tetrahydrofuran-Incorporated Supramolecular Sodium Entities[END_REF] and octacoordinated compounds such as Y(NH3)8. [START_REF] Almeida | Electronic and structural features of octa-coordinated yttriumammonia complexes: the first neutral solvated electron precursor with eight ligands and three outer electrons[END_REF] Several works have been devoted to understanding and rationalizing the process of solvated electron formation during alkali metal solvation in ammonia. [START_REF] Glover | Simulating the Formation of Sodium:Electron Tight-Contact Pairs: Watching the Solvation of Atoms in Liquids One Molecule at a Time[END_REF][START_REF] Zurek | Barely) Solid Li(NH 3 ) 4 : The Electronics of an Expanded Metal[END_REF][START_REF] Jackson | The nature of supermolecular bonds: Investigating hydrocarbon linked beryllium solvated electron precursors[END_REF][START_REF] Dong | Electron Presolvation in Tetrahydrofuran-Incorporated Supramolecular Sodium Entities[END_REF][START_REF] Cavanagh | Watching Na Atoms Solvate into (Na + , e -) Contact Pairs: Untangling the Ultrafast Charge-Transfer-to-Solvent Dynamics of Nain Tetrahydrofuran (THF)[END_REF] In the case of Na(THF)6, [START_REF] Dong | Electron Presolvation in Tetrahydrofuran-Incorporated Supramolecular Sodium Entities[END_REF][START_REF] Cavanagh | Watching Na Atoms Solvate into (Na + , e -) Contact Pairs: Untangling the Ultrafast Charge-Transfer-to-Solvent Dynamics of Nain Tetrahydrofuran (THF)[END_REF] the valence electron 3s loses its spherical symmetry as the number of THFs encircling the neutral Na atom increases from 1 to 6. The main cause of this deformation is indeed the Pauli repulsion between the valence electron of Na and the O lone pair electrons.

Thanks to this repulsion, the valence electron of Na is pushed back in the opposite direction to the Na-O dative bond formation. The valence electron exhibits a three-dimensional fan shape (skullcap) located on the opposite side of four tetrahydrofuran molecules in Na(THF) 4 , which again gets its spherical shape in Na(THF)6. [START_REF] Cavanagh | Watching Na Atoms Solvate into (Na + , e -) Contact Pairs: Untangling the Ultrafast Charge-Transfer-to-Solvent Dynamics of Nain Tetrahydrofuran (THF)[END_REF] Miliordos and co-workers, in a systematic investigation on the nature of supermolecular bonds, showed that such a molecular complex mimics a super-atom whose valence electron is distracted in a super-orbital (outer orbital). [START_REF] Ariyarathna | Aufbau Principle for Diffuse Electrons of Double-Shell Metal Ammonia Complexes: The Case of M(NH 3 ) 4 @12NH 3 , M = Li, Be + , B 2+[END_REF][START_REF] Jackson | The nature of supermolecular bonds: Investigating hydrocarbon linked beryllium solvated electron precursors[END_REF][START_REF] Khan | Scandium in Neutral and Positively Charged Ammonia Complexes: Balancing between Sc 2+ and Sc 3+[END_REF][START_REF] Ariyarathna | Molecules mimicking atoms: monomers and dimers of alkali metal solvated electron precursors[END_REF] For instance, the neutral Mg(H2O)6 complex in its ground electronic state should be considered as a dication Mg(H2O)6 2+ core in tight contact with two electrons accommodated near the coordinated water molecules. [START_REF] Ariyarathna | Superatomic nature of alkaline earth metal-water complexes: the cases of Be(H 2 O)0,+4 and Mg(H 2 O)0,+6[END_REF] In this sense, a solvated electron distributed in the periphery of ligands in dative interaction with the cationic core differs from the proton encircled within a molecular building bloc. 33,[START_REF] Klein | Dynamic NMR Study of the Mechanisms of Double, Triple, and Quadruple Proton and Deuteron Transfer in Cyclic Hydrogen Bonded Solids of Pyrazole Derivatives[END_REF] Such molecular clusters were called "solvated electron precursors" (SEPs) for the first time by Miliordos and co-workers. [START_REF] Ariyarathna | Aufbau Rules for Solvated Electron Precursors: Be(NH 3 ) 4 0,± Complexes and Beyond[END_REF] To the best of our knowledge, dissolving aluminum in ammonia by electrolysis has only been mentioned once in a communication to the editor. [START_REF] Mcelroy | Metallic Aluminum in Solution in Liquid Ammonia[END_REF][START_REF] Dye | The alkali metals: 200 years of surprises[END_REF] We found no other experimental or theoretical work in the literature about the solvation of Al in NH3 forming solvated cations and solvated electrons.

The purpose of the present work is to extend the study of the solvated electrons to the molecular compounds containing Al, Al(CH3), and Al(CH3)2 in interaction with ammonia. Our study will focus on three questions: 1) for each of the three systems, what is the maximum number of NH3 in the first coordination shell? In other words, can we have hexacoordinated aluminum? 2) For the most stable structure of each system, do the valence electrons of Al remain localized on the metallic center, or delocalized to the periphery of NH3? 3) Can we use these delocalized electrons as reducing agent to capture and activate CO2 molecule?

II. Computational details

All first principles calculations were performed using the Gaussian 09 or Gaussian 16 quantum chemical packages. [START_REF] Frisch | Gaussian-09 Revision D.01[END_REF][START_REF] Frisch | Gaussian-16 Revision C.01[END_REF] Optimization of the stationary points on the potential energy surface was performed using density functional theory with Handy's long-range corrected version of B3LYP exchange-correlation functional [START_REF] Becke | Density-functional thermochemistry. III. The role of exact exchange[END_REF][START_REF] Lee | Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density[END_REF][START_REF] Vosko | Accurate spin-dependent electron liquid correlation energies for local spin density calculations: a critical analysis[END_REF][START_REF] Stephens | Ab Initio Calculation of Vibrational Absorption and Circular Dichroism Spectra Using Density Functional Force Fields[END_REF][START_REF] Yanai | A new hybrid exchange-correlation functional using the Coulombattenuating method (CAM-B3LYP)[END_REF] including the D3 version of Grimme's dispersion with Becke-Johnson damping (GD3BJ) [START_REF] Grimme | Effect of the damping function in dispersion corrected density functional theory[END_REF] , noted as CAM-B3LYP-GD3BJ in this paper. The Pople triple-ζ quality basis set extended with polarization and diffuse functions, 6-311++G (2d, 2p) has been used for all atoms. [START_REF] Mclean | Contracted Gaussian basis sets for molecular calculations. I. Second row atoms, Z =11-18[END_REF][START_REF] Krishnan | Self-consistent molecular orbital methods. XX. A basis set for correlated wave functions[END_REF] Selected calculations use Hartree-Fock theory (HF), second-order many-body perturbation theory (MP2), or complete active space self-consistent field (CASSCF) methods at CAM-B3LYP geometries.

To analyze the structure of solvated electrons in real space, we used two topological approaches: the EDR (electron delocalization range) [START_REF] Janesko | How far do electrons delocalize?[END_REF][START_REF] Janesko | Quantifying solvated electrons' delocalization[END_REF][START_REF] Janesko | Topological analysis of the electron delocalization range[END_REF] and the ELF (electron localization function). [START_REF] Silvi | Classification of chemical bonds based on topological analysis of electron localization functions[END_REF] The EDR and ELF are two complementary techniques that allow us to quantify the diffuse character of solvated electron (EDR), and measure the degree of electronic localization (ELF) within a chemical compound. The ELF is large (near 1) in regions that have single-electron character, and small (near zero) in regions such as core-valence overlap regions.

The EDR(r;d) is the expectation value of a nonlocal one-electron operator, namely, the projection of the system's wavefunction onto a normalized one-electron Gaussian function centered at point r with Gaussian exponent d -2 . In regions where this overlap is near 1, the electronic structure about point r is dominated by orbitals delocalized over distance d. We quantify this using the orbital overlap distance D(r), defined as the distance d maximizing EDR(r;d). Plots of electron density isosurfaces, colored with the value of D(r), highlight regions of space containing delocalized electrons. For the ELF topological analysis, the partition of the molecular space in terms of nonoverlapping space-filling domains has been performed using the TopMod package. [START_REF] Noury | Computational tools for the electron localization function topological analysis[END_REF] The EDR and overlap distance are evaluated using the Multiwfn package [START_REF] Lu | Multiwfn: A multifunctional wavefunction analyzer[END_REF] or the Gaussian 16 package. 38

III. Results and discussion

Recently, by pure analogy with the results obtained for the Be(NH3)4 complex, Miliordos and coworkers suggested that Al(NH3)x should be hexacoordinated which could host three outer electrons. [START_REF] Ariyarathna | Aufbau Rules for Solvated Electron Precursors: Be(NH 3 ) 4 0,± Complexes and Beyond[END_REF] Therefore, we focus our investigation on three types of systems in which aluminum is surrounded by six molecules, but with different degrees of oxidation: Al(NH3)6, Al(CH3)(NH3)5, and Al(CH3)2(NH3)4. Before starting the discussion, let us note here the color code used in this paper to distinguish different atoms illustrated in different figures, as follows: the pink spheres represent an aluminum atom, blue spheres a nitrogen atom, white spheres a hydrogen atom, red spheres an oxygen atom, and gray spheres a carbon atom.

A. Al(0) in interaction with six NH3 molecules

All the optimized structures and corresponding relative energies of the neutral Al(NH3)6 are shown in Figure 1. with neat NH3 gave only an olive-green deposit assigned to the di-coordinated species. [START_REF] Howard | Electron paramagnetic resonance study of the reaction of ground-state aluminum atoms with ammonia in a rotating cryostat[END_REF] Our conclusion is also in agreement with the fact that only two adduct species Al(NH3) and Al(NH3)2 have been observed during the thermal reaction between Al and NH3 using matrix infrared spectroscopy. [START_REF] Gaertner | Structure and Bonding in the Aluminum Radical Species Al•NH 3 , HAlNH 2 , HAlNH 2 •NH 3 , and Al(NH 2 ) 2 Studied by Means of Matrix IR Spectroscopy and Quantum Chemical Calculations[END_REF] To analyze the fate of the three valence electrons of Al within the Al(0)-24 complex, the contours of the two highest occupied molecular orbitals (HOMO and SOMO), as well as the ELF topological domains, are depicted in Figure 2. 

C. Al(II) in interaction with four NH3 molecules

In the previous two sections, we showed that the dative interactions Al-N are not strong enough to overcome the attachment energy of the non-bonding electrons of the metal center not to ionize the complex but to push them to the peripheral of the ligands so that the (Al + , e Is the single non-bonding electron always located on the metal center? As illustrated by the contour of the singly occupied molecular orbital (see Figure 7 left panel), it is no longer localized on Al but is distributed on peripheral NH3s. The ELF topology (see Figure 7 right panel) also found a peripheral basin placed near the hydrogen atoms of the two NH3s of the second solvation shell. However, it should be emphasized that because of the diffuse (delocalized) nature of this electron, the ELF topology is not able to well describe the topological domain attributed to this solvated electron. Indeed, we find by the ELF topology a basin dedicated to this delocalized electron, but the synaptic order as well as the population of this basin remains very poorly defined. In contrast, the EDR analysis is perfectly suited to quantify the diffuse character of such an electron. 

D. Some ideas for extension and application

Inspired by a recent work on (CH3)B(NH3)3 and its extension following the aliphatic chain (NH3)3B(CH2)3-6B(NH3)3, [START_REF] Jordan | Can boron form coordination complexes with diffuse electrons? Evidence for linked solvated electron precursors[END_REF] we consider here Al2(CH3)2(CH2)2(NH3)4 resulting from the linkage of two Al(CH3)2(NH3)2 monomers via an aliphatic hydrocarbon bridge.

For this system containing two metal centers, the singlet state is calculated to be more stable than the triplet one by 8.1 kcal/mol (see SI). As illustrated in Figure 9, two valence electrons of aluminum coupled into a singlet state are delocalized and distributed on the outer parts of NH3s, forming a SEP compound. [START_REF] Jordan | Can boron form coordination complexes with diffuse electrons? Evidence for linked solvated electron precursors[END_REF] Figure 9. Contour of the highest occupied molecular orbital of the global minimum (singlet spin state) of Al2(CH3)2(CH2)2(NH3)4.

Figure 10 shows the orbital overlap distance computed for the singlet and triplet states of the two-metal-center Al2(CH3)2(CH2)2(NH3)4 system. The figure depicts the 0.001 electrons/bohr 3 density isosurface, with each point r colored by the value of the overlap distance D(r), ranging from 2.5 au (red) to 8 au (blue). Singlet and triplet states both show a delocalized electron density region on the amine groups' outer parts. However, the singlet-coupled species displays substantially larger delocalization lengths, corresponding to a deep blue color, and consistent with a delocalized bonding-type orbital. (Spin symmetry breaking stabilizes the HF wavefunction by 7 kcal/mol). Both DFT and Hartree-Fock theory predict that the solvated electron pair is relatively delocalized, visible as a dark blue color in the solvated electron region. MP2 and CASSCF calculations both predict more compact structures for the solvated electron pair. However, both CASSCF and MP2 predict relatively weak binding energies compared to the DFT calculations. This differs from the density-driven error visible in Figure 11, and motivates further studies using correlated multireference wavefunction approaches. atmosphere by CO2 capture and conversion into value-added products is currently a highly attractive hot topic for all scientists. A very high number of publications in 2023 testifies to the high level of activity of researchers in this field. [START_REF] Song | Recent progress in CO 2 conversion into organic chemicals by molecular catalysis[END_REF][START_REF] Detz | Electrochemical CO 2 conversion technologies: state-of-the-art and future perspectives[END_REF][START_REF] Jackson | Introducing Novel Materials with Diffuse Electrons for Applications in Redox Catalysis and Quantum Computing via Theoretical Calculations[END_REF][START_REF] Huang | Multifunctional Roles of Clathrate Hydrate Nanoreactors for CO 2 Reduction[END_REF][START_REF] Meng | Recent advances in the theoretical studies on the electrocatalytic CO2 reduction based on single and double atoms[END_REF][START_REF] Davison | A room-temperature-stable electride and its reactivity: Reductive benzene/pyridine couplings and solvent-free Birch reductions[END_REF] The approach of two CO2 molecules to the Al2(CH3)2(CH2)2(NH3)4 compound could lead to a twoelectron reduction reaction of CO 2 in the singlet state and thus the formation of the C-C bond.

The chemical compound containing two activated CO2 at the triplet state is calculated to be less stable than the product in the singlet state by 56.8 kcal/mol (see Figure 13, and SI for structural information).

Figure 13. Schematic one electron and two electrons reduction reaction of two CO2.

As shown in Figure 13, two CO2 molecules are activated in the triplet state without forming an oxalate ion, and system is actually composed of three subunits: two bent CO2 -ion-molecules and one [Al2(CH3)2(CH2)2(NH3)4] 2+ dication. Energetic stability between the three subunits is essentially ensured by hydrogen bonds formed between each CO2 -ion-molecule and the hydrogen atoms of amine groups of the dicationic core.

In the case of singlet state, the ELF topological analysis clearly shows that the population of the V(C, C) disynaptic basin rises to 2.3 e, characteristic of a single C-C bond (see Figure 14). 
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 11 Figure 1. Optimized structures and relative energies (in kcal/mol) of the Al(NH3)6 compound.

Figure 2 .

 2 Figure 2. Contours of the two highest occupied molecular orbital (left panel) and the ELF domains (right panel) of the Al(0)-24 structure.

Figure 3

 3 Figure3shows the orbital overlap distance D(r) computed for Al(0)-24. The figure depicts the 0.001 electrons/bohr 3 density isosurface of the neutral Al(0)-24 complex, with each point r on the surface colored by the value of the overlap distance D(r), ranging from 2.5 au (red) to 5 au (blue). The overlap distance is around 2.5 bohr on the ammonia molecules, increasing to >5 bohr in the region corresponding to the weakly bound electrons. For comparison, the right panel of Figure3shows the overlap distance computed for isolated NH3 and an isolated neutral non-spherical doublet aluminum atom. From this perspective, the valence electrons of the Al(0)-24 complex are localized in diffuse orbitals on the aluminum. The electron density in the region of the frontier orbitals largely arises from diffuse and weakly bound electrons.

Figure 3 .

 3 Figure 3. Orbital overlap distance of the Al(0)-24 structure (left) compared to isolated neutral singlet nonspherical Al atom (right top) and isolated NH3 (right bottom). Blue regions denote delocalized electron density.

Figure 4 .

 4 Figure 4. Optimized structures and relative energies (in kcal/mol) of two relevant isomers of Al(CH3)(NH3)5.

Figure 5 .

 5 Figure 5. Contours of the highest occupied molecular orbital (left panel) and the ELF domains (right panel) of the Al(I)-23 structure.
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 6 Figure 6. Optimized structures and relative energies (in kcal/mol) of the relevant isomers of Al(CH3)2(NH3)4.

Figure 7 .

 7 Figure 7. Contours of the singly occupied molecular orbital (left) and the ELF domains (right) with ELF=0.65 of the Al(II)-22 structure.

Figure 8

 8 Figure 8 shows the orbital overlap distance D(r) of the Al(II)-22 structure. The left panel depicts the 0.001 electrons/bohr 3 density isosurface, with each point r on the surface colored by the value of the overlap distance D(r), ranging from 2.5 au (red) to 7 au (blue). The right panel displays the isosurfaces EDR(r;d)=0.7, computed for d=2.5 au (blue surface) and d=6 au (red

Figure 8 .

 8 Figure 8. Orbital caption: Orbital overlap distance (left) and electron delocalization range at two representative distances d(right) of the Al(II)-22 structure.

Figure 10 .

 10 Figure 10. Orbital overlap distance computed for the singlet and triplet states of the two-metalcenter Al2(CH3)2(CH2)2(NH3)4 system.

Figure 11

 11 Figure11shows the orbital overlap distance computed for Al(0)-24 at three different levels of theory: CAM-B3LYP DFT (left), Hartree-Fock theory (center), and second-order many-body perturbation theory (MP2) (right). The figure depicts the 0.001 electrons/bohr 3 density isosurface of the neutral Al(0)-24 complex, with each point r on the surface colored by the value of the overlap distance D(r), ranging from 3 au (red) to 5 au (blue). Calculations use the DFT geometry from above. Each figure is labeled with the computed vertical electron binding energy. CAM-B3LYP DFT predicts the strongest electron binding, but also predicts that the solvated electron is relatively delocalized, visible as a darker blue color in the solvated electron region. Hartree-Fock and MP2 calculations predict more compact structures for the solvated electron. This is consistent with significant density-driven error in DFT calculations on solvated electrons.[START_REF] Johnson | Extreme density-driven delocalization error for a model solvated-electron system[END_REF] 

Figure 11 .

 11 Figure 11. Orbital overlap distance computed for Al(0)-24 at three different levels of theory: CAM-B3LYP DFT (left), Hartree-Fock theory (center), and second-order many-body perturbation theory (MP2) (right).

Figure 12

 12 Figure 12 show the orbital overlap distance for singlet Al2(CH3)2(CH2)2(NH3)4 at four different levels of theory: CAM-B3LYP DFT, Hartree-Fock theory, second-order many-body perturbation theory (MP2), and multireference (two-electron two-orbital) CASSCF. The figure depicts the 0.001 electrons/bohr 3 density isosurface of the neutral complex, with each point r on the surface colored by the value of the overlap distance D(r), ranging from 3 au (red) to 8.5 au (blue). Each figure is labeled with the computed average vertical electron binding energy of the two solvated electrons. The bound electron pair is significantly more delocalized than the single solvated electron in Figure 11, with a large overlap distance around 8 bohr. In another contrast to Figure 11, the bound electron pair experiences a degree of "strong" electron correlation.

Figure 12 .

 12 Figure 12. Orbital overlap distance computed for singlet Al2(CH3)2(CH2)2(NH3)4 at four different levels of theory.

Figure 14 .

 14 Figure 14. The ELF topological domains (ELF=0.85) of the Al2(CH3)2(CH2)2(NH3)4(CO2)2 product at the singlet spin state. In addition, the net charge of the new species O2C-CO2 calculated within the ELF formalism being equal to -1.8 e, indicates the formation of an oxalate ion, C2O4 2-. Therefore, we should
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