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Introduction

There is a substantial class of molecules that are able to bind an additional electron in a very delocalized and diffuse nonvalence orbital through long-range interactions, i.e. chargemultipole, polarization or dispersion interactions. 1 Such weakly bound anions (the binding energy is typically ∼ 1-100 meV) have been observed for a few tens of molecules. In the most frequently encountered cases, the molecule together with the additional electron form a so-called dipole-bound anion, where the electron is attached thanks to the electrostatic dipole potential of the molecule. [2][3][4][START_REF] Ard | Rotational auto-detachment of dipole-bound anions[END_REF][START_REF] Liu | Photoelectron spectroscopic study of dipole-bound and valence-bound nitromethane anions formed by Rydberg electron transfer[END_REF][START_REF] Castellani | On the stability of a dipole-bound state in the presence of a molecule[END_REF][START_REF] Kang | Real-Time Autodetachment Dynamics of Vibrational Feshbach Resonances in a Dipole-Bound State[END_REF] It is well established that, in the Born-Oppenheimer approximation, a polar molecule possessing a dipole moment larger than a critical value, being of the order of 1.625 Debye, is able to bind an excess electron. [START_REF] Fermi | The capture of negative mesotrons in matter[END_REF][START_REF] Turner | Minimum dipole moment required to bind an electron-molecular theorists rediscover phenomenon mentioned in Fermi-Teller paper twenty years earlier[END_REF][START_REF] Jordan | Theory of Dipole-bound Anions[END_REF] Dipole-bound states appeared as a class of doorway states to valence type states, [START_REF] Sommerfeld | Coupling between dipole-bound and valence states: the nitromethane anion[END_REF] and in the case the valence state is dissociative, as a doorway to dissociative electron attachment processes. [START_REF] Sommerfeld | Dipole-bound states as doorways in (dissociative) electron attachment[END_REF] Quadrupole-bound anions [START_REF] Sommerfeld | Excess Electrons Bound to Molecular Systems with a Vanishing Dipole but Large Molecular Quadrupole[END_REF][START_REF] Liu | The ground state, quadrupole-bound anion of succinonitrile revisited[END_REF] where the electron is bound to the molecule via the chargequadrupole interaction have also been observed. 4,[START_REF] Liu | The ground state, quadrupole-bound anion of succinonitrile revisited[END_REF] Finally, there also exist some longdistance bound states where the excess electron is bound by correlation effects, primarily dispersion and polarization. [START_REF] Voora | Nonvalence Correlation-Bound Anion State of C 6 F 6 : Doorway to Low-Energy Electron Capture[END_REF][START_REF] Rogers | Ultrafast dynamics of low-energy electron attachment via a non-valence correlation-bound state[END_REF][START_REF] Rogers | Evidence of Electron Capture of an Outgoing Photoelectron Wave by a Nonvalence State in (C 6 F 6 )n[END_REF][START_REF] Sommerfeld | Correlation-bound anions of NaCl clusters[END_REF][START_REF] Bezchastnov | Anions of Xenon Clusters Bound by Long-Range Electron Correlations[END_REF][START_REF] Voora | Existence of a Correlation Bound s-Type Anion State of C 60[END_REF] In such cases, the electron is unbound at the Hartree-Fock level, but, including correlation effects allows the excess electron to be bound. In dipolebound anions, the electron is found away from the molecule on the positive end of the dipole, while in quadrupole-and correlation-bound anions, the electron usually lies around the molecule (see Figure 1). The average distance to the molecule is typically > 10 Å, contrary to their valence counterparts occupying compact orbitals. Some works have shown that valence states and weakly bound states can be coupled, and their coupling constant has been calculated in some cases to be typically about ∼ 10-30 meV. [START_REF] Sommerfeld | Coupling between dipole-bound and valence states: the nitromethane anion[END_REF][START_REF] Tripathi | Electron Attachment to DNA Base Pairs: An Interplay of Dipole-and Valence-Bound States[END_REF] Therefore, weakly bound anions could represent an intermediate step between continuum scattering states and stable or metastable valence states, being able to act as an aid in capturing thermal electrons. 3,[START_REF] Sommerfeld | Coupling between dipole-bound and valence states: the nitromethane anion[END_REF][START_REF] Sommerfeld | Dipole-bound states as doorways in (dissociative) electron attachment[END_REF][START_REF] Narayanan | Doorway Mechanism for Electron Attachment Induced DNA Strand Breaks[END_REF] Henceforth, they are expected to play a significant role in electron-attachment phenomena. 

Weakly bound anions from post-Hartree-Fock calculations

Computing electron binding energies associated with non-valence states is quite challenging and requires non-standard basis sets and electronic structure methods. Indeed, as weakly bound anions are characterized by the very diffuse orbital occupied by the excess electron and their very low electron binding energies, a very large basis set with extra diffuse functions is needed. [START_REF] Jordan | Theory of Dipole-bound Anions[END_REF][START_REF] Sommerfeld | Correlation-bound anions of NaCl clusters[END_REF][START_REF] Voora | Existence of a Correlation Bound s-Type Anion State of C 60[END_REF][START_REF] Gutsev | Electronic and geometrical structure of dipole-bound anions formed by polar molecules[END_REF] Nevertheless, the mere use of very large basis sets is not sufficient to describe correctly the properties of weakly bound anions. While Hartree-Fock calculations combined with an extra large basis set might bind the additional electron in the case of a dipole-bound state, but usually with a significant underestimation of the binding energy, they are unable to bind the excess electron in the case of correlation-bound anions or quadrupole-bound anions. In such cases, the Hartree-Fock orbital of the excess electron will describe a neutral system plus an electron in a discretized continuum orbital. [START_REF] Voora | Theoretical approaches for treating non-valence correlation-bound anions[END_REF] Post-Hartree-Fock calculations, such as MP2 or CCSD(T) calculations, may encounter difficulties to converge toward a nonvalence anion, particularly in the case of quadrupole-bound or correlation-bound anions.

Nowadays, the state-of-the-art for describing weakly bound anions are EOM-CCSD and EA-EOM-CCSD methods [START_REF] Nooijen | Equation of motion coupled cluster method for electron attachment[END_REF] combined with the use of extra diffuse functions which can be centered either on the atoms or on off-atom sites. These methods scale in n 6 with the number of orbital functions, then adding extra diffuse functions around all atoms would result in a drastic increase of the computational cost. [START_REF] Voora | Existence of a Correlation Bound s-Type Anion State of C 60[END_REF] Henceforth, these methods are limited to fairly small systems.

Weakly bound anions with DFT: the case of global hybrid functionals

A good alternative to post-Hartree-Fock methods, with far less computational costs, resides in the density-functional theory (DFT) calculations. If the latters are able to describe weakly bound anions, this could offer some perspectives to study larger systems. Generalized gradient approximation (GGA) functionals suffer from the self-interaction error and fail to describe the binding of a long-range anionic state. Commonly used global hybrid functionals are not suitable as well. [START_REF] Jensen | Describing Anions by Density Functional Theory: Fractional Electron Affinity[END_REF][START_REF] Galbraith | Concerning the applicability of density functional methods to atomic and molecular negative ions[END_REF][START_REF] Rösch | Concerning the applicability of density functional methods to atomic and molecular negative ions[END_REF] In a prior work, Jensen [START_REF] Jensen | Describing Anions by Density Functional Theory: Fractional Electron Affinity[END_REF] showed that local or hybrid global functionals calculate atomic anions as having only a fraction of the extra electron bound, i.e., a part of the electron density goes to infinity, and investigated the consequences of this failure in the description of intermolecular complexes or donor-acceptor systems. We report here some results performed using the functionals BHandHLYP 30 with 50% portion of Hartree-Fock exchange and B3LYP [START_REF] Becke | Density-functional thermochemistry. III. The role of exact exchange[END_REF][START_REF] Stephens | Ab Initio Calculation of Vibrational Absorption and Circular Dichroism Spectra Using Density Functional Force Fields[END_REF] (19% of Hartree-Fock exchange) for a couple of molecules.

We used an extended basis set, labeled (3sp)-aug-cc-pvtz in the next section, which includes several atom-centered extra-diffuse functions (see below for details about it). The calculated electron binding energy (eBE) is positive (Table 1). But, the plot of the radial distribution function (RDF) of the charge density associated with the additional electron reveals that the electron occupies a nonphysical state, since a significant part of the charge is very far at the end of the simulation box while only a part (∼50%) of the charge density can be allocated to a bound state. In Figure 2, the RDF for the nitromethane molecule (CH 3 NO 2 ) exhibits two well-separated hills at around 5 and 35 Å, the latter being due to the finiteness of the basis set. Consequently, the electron binding energy calculated with global hybrid functionals should not be considered, since calculations describe a non-physical state where only a small part of the electron is bound to the molecule. The inability of global hybrids to correctly bind a charge lying at a long distance is due to their incorrect asymptotic behavior. [START_REF] Jensen | Describing Anions by Density Functional Theory: Fractional Electron Affinity[END_REF][START_REF] Anderson | Accurate Electron Affinities and Orbital Energies of Anions from a Nonempirically Tuned Range-Separated Density Functional Theory Approach[END_REF] It was shown that the incorrect distance dependence of the exchange functional is responsible for this failure. [START_REF] Jensen | Describing Anions by Density Functional Theory: Fractional Electron Affinity[END_REF] Several solutions have been proposed, [START_REF] Jensen | Describing Anions by Density Functional Theory: Fractional Electron Affinity[END_REF][START_REF] Anderson | Accurate Electron Affinities and Orbital Energies of Anions from a Nonempirically Tuned Range-Separated Density Functional Theory Approach[END_REF][START_REF] Zhang | Self-Interaction Corrected Functional Calculations of a Dipole-Bound Molecular Anion[END_REF] among which is the use of long-range corrected hybrid functionals where the part of HF exchange increases continuously with the electron-electron distance.

Recently, it was shown that such schemes are free of self-interaction errors when the rangeseparation parameter µ is chosen so that the DFT Koopmans' theorem is satisfied for the anion. [START_REF] Anderson | Accurate Electron Affinities and Orbital Energies of Anions from a Nonempirically Tuned Range-Separated Density Functional Theory Approach[END_REF] When considering anions, the basis set should contain very diffuse functions. [START_REF] Jensen | Describing Anions by Density Functional Theory: Fractional Electron Affinity[END_REF][START_REF] Anderson | Accurate Electron Affinities and Orbital Energies of Anions from a Nonempirically Tuned Range-Separated Density Functional Theory Approach[END_REF][START_REF] Jensen | Polarization consistent basis sets. III. The importance of diffuse functions[END_REF] In previous works, [START_REF] Jensen | Describing Anions by Density Functional Theory: Fractional Electron Affinity[END_REF][START_REF] Anderson | Accurate Electron Affinities and Orbital Energies of Anions from a Nonempirically Tuned Range-Separated Density Functional Theory Approach[END_REF] DFT calculations were performed with basis sets containing extremely diffuse functions, the exponent of the most diffuse function was less than 10 -10 . However, when using the range-separated hybrid functional with a tuned range-separated parameter, increasing the diffuseness of basis set with exponents less than ∼ 10 -3 or ∼ 10 -4 has a small effect on the electron affinities values. [START_REF] Anderson | Accurate Electron Affinities and Orbital Energies of Anions from a Nonempirically Tuned Range-Separated Density Functional Theory Approach[END_REF] 

Method

In order to treat weakly bound anions correctly, we choose to work with a range-separated hybrid (RSH) functional with 100% Hartree-Fock exchange at long range, namely the ωB97x 38 functional which contains an increasing amount of exact Hartree-Fock exchange, from 16% at the short range to 100% at the long range. This is one of the most efficient functional for a wide variety of excited state calculations. [START_REF] Rabilloud | Description of plasmon-like band in silver clusters: The importance of the long-range Hartree-Fock exchange in time-dependent density-functional theory simulations[END_REF] It has also been used recently to tackle the calculation of resonant electron attachment energy and performed quite well. [START_REF] Thiam | Multi-Basis-Set (TD-)DFT Methods for Predicting Electron Attachment Energies[END_REF][START_REF] Abdoul-Carime | Chemistry in Acetonitrile-Water Films Induced by Slow (<15 eV) Electrons: Application to the Earth and Space Chemistry[END_REF][START_REF] Kopyra | Experimental and theoretical studies of dissociative electron attachment to metabolites oxaloacetic and citric acids[END_REF] We constructed a large basis set from the basis set aug-cc-pvtz [START_REF] Kendall | Electron affinities of the first-row atoms revisited. Systematic basis sets and wave functions[END_REF] and completed it by adding extra diffuse functions with s and p symmetries. The additional exponents were obtained by multiplying the previous most diffuse exponent by 0.3 as suggested in previous works. [START_REF] Haiduke | Can excitation energies be obtained from orbital energies in a correlated orbital theory?[END_REF][START_REF] Hirao | Excitation energies expressed as orbital energies of Kohn-Sham density functional theory with long-range corrected functionals[END_REF] The present constructed basis sets are called (Nsp)-aug-cc-pvtz where N stands for the number of s and p functions added. In the following, (0sp)-aug-cc-pvtz will refer to the aug-cc-pvtz basis set. It is important to emphasize that converging the calculation toward a proper weakly bound anionic state with such large basis sets is sometimes troublesome due to a competition with the discrete continuum states. Therefore, calculations sometimes required starting from a previous one performed with a smaller basis set and converged in a weakly bound type orbital and not in a discrete continuum one.

All DFT calculations were performed with the Gaussian16 suite of programs. [START_REF] Frisch | Gaussian16 Revision C.01[END_REF] All geometries were optimized at the ωB97x/aug-cc-pvtz level. Pre-and post-processing operations are performed using the graphical interface Gabedit. [START_REF] Allouche | Gabedit A Graphical User Interface for Computational Chemistry Softwares[END_REF] The radial distribution functions (RDF) were plotted using the Multiwfn software. [START_REF] Liu | A Multifunctional Wavefunction Analyzer[END_REF] 

Results

We have considered a large sample of molecules (see Figure SI1). It is composed of molecules studied by Abdoul-Carime and Desfrançois 4 who succeeded in measuring the eBE and proposed a simple electrostatic model including the contributions from the dipolar, quadrupolar and polarization forces to evaluate eBEs. The sample was enlarged with other types of systems, such as correlation-bound or quadrupole-bound anions.

The dipole moment and isotropic polarizability have been computed using (0,1,2,3 and 4sp)-aug-cc-pvtz basis sets. The values obtained for dipole-moment and isotropic polarizability remain constant with the size of the basis set (see tables SI1 and SI2). They are in agreement with the available experimental data. Calculated dipole moments are usually around 0.3 D from the experimental values, except for pivaldehyde where the calculated value overestimates by ∼ 0.9 D the experimental one. Regarding the isotropic polarizabilities, the calculated values are very near to experimental data. So, the overall description of electrostatic properties such as dipole-moment or polarizabilities is quite accurate. Calculated eBE can be found in Table 2, together with the available experimental data and estimation from coupled cluster calculations, most often at EA-EOM-CCSD level. At (0sp)-and (1sp)-aug-cc-pvtz levels, the electron is unbound, therefore, these basis sets are not adapted to treat these systems. Actually, the electron is confined in a too-small box. To illustrate that, we plot in Figure 3 molecules to bind the additional electron. eBE does not vary significantly when calculated with (3sp)-or (4sp)-aug-cc-pvtz. In order to find the most appropriate basis set, we have calculated the eBE to the nitromethane molecule using gradual extensive basis sets. First, we generated intermediate basis sets between (1sp) and (2sp): to (1sp)-aug-cc-pvtz, we added one s and p functions whose exponents were obtained by multiplying the previous most diffuse exponents by successively 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3 (the multiplication of 0.3 gives (2sp)-aug-cc-pvtz). Similar processes were made starting from (2sp) and (3sp) until reaching (4sp)-aug-cc-pvtz. The curve representing the nitromethane eBE with respect to the spatial extent is plotted in Figure 4. This curve exhibits an optimal value with the (3sp)aug-cc-pvtz basis set augmented with one additional s and p functions whose exponents were determined by multiplying by 0.8 the previous ones. However, we notice that the eBE does not vary a lot between (3sp) or (4sp)-aug-cc-pvtz basis set (∼ 2 meV in the least favorable case for the acetone molecule, see Table 2). Therefore, we have chosen to consider the results obtained with the (3sp)-aug-cc-pvtz basis set. Overall, the agreement between the calculated In most cases, the calculated eBE value overestimates the experimental one, the exceptions being: FMgF, NaONa, perflurobenzene, succinonitrile and thymine. Perflurobenzene is expected to form a correlation-bound anion, FMgF and NaONa are quadrupole-bound anions, while the contribution of quadrupole and polarization terms are expected to be important for succinonitrile and thymine. [START_REF] Sommerfeld | Excess Electrons Bound to Molecular Systems with a Vanishing Dipole but Large Molecular Quadrupole[END_REF] For the five molecules, correlation is likely to be an important contribution. For succinonitrile and thymine, the calculated eBE (74 and 38 meV) underestimates the experimental one by ∼ 30 meV, while the Coupled Cluster values were calculated to be 127 and 51 meV (Table 2). For FMgF, NaONa and perflurobenzene, it is only possible to compare with previous EA-EOM-CCSD calculations that are expected to be quite accurate. [START_REF] Sommerfeld | Excess Electrons Bound to Molecular Systems with a Vanishing Dipole but Large Molecular Quadrupole[END_REF][START_REF] Voora | Nonvalence Correlation-Bound Anion State of C 6 F 6 : Doorway to Low-Energy Electron Capture[END_REF] For FMgF, our calculated value is about 120 meV smaller than the EA-EOM-CCSD value calculated by Sommerfeld. [START_REF] Sommerfeld | Excess Electrons Bound to Molecular Systems with a Vanishing Dipole but Large Molecular Quadrupole[END_REF] For NaONa, we are unable to converge toward a weakly bound state with basis sets larger than (1sp)-aug-cc-pvtz. For the perflurobenzene, we are unable to converge toward a weakly bound state with basis sets larger than (2sp)-aug-cc-pvtz, i.e., calculation converges toward a continuum state. The reason may be a somewhat insufficiently good description of correlation. This point will be detailed below.

Lastly, we also compared the RDF we calculated for the FMgF molecule to the density of the excess electron calculated by Sommerfeld at the EA-EOM-CCSD level in ref. [START_REF] Sommerfeld | Excess Electrons Bound to Molecular Systems with a Vanishing Dipole but Large Molecular Quadrupole[END_REF] Both curves are quite similar (see Figure 5), suggesting that RSH-DFT could provide RDF competing with the ones calculated with post-Hartree-Fock methods. 2), but they furnish qualitative results on the prediction of the long-range anionic states.

Further development

In order to achieve a better agreement between the calculated eBE and the experimental values and also be able to bind the excess electron on systems like NaONa or perflurobenzene, there are issues to be addressed.

Optimization of the range-separation parameter

Due to an excessive convexity of the exchange-correlation potential, the latter tends to go to zero slightly too rapidly. To correct this flaw, it is possible to refine the range-separation parameter ω. [START_REF] Kronik | Excitation Gaps of Finite-Sized Systems from Optimally Tuned Range-Separated Hybrid Functionals[END_REF][START_REF] Cencek | On asymptotic behavior of density functional theory[END_REF][START_REF] Rabilloud | Assessment of the Performance of Long-Range-Corrected Density Functionals for Calculating the Absorption Spectra of Silver Clusters[END_REF][START_REF] Zapata | Linear-response range-separated density-functional theory for atomic photoexcitation and photoionization spectra[END_REF] To do so, the range-separation parameter, ω, can be chosen so that the energy of the HOMO is equal to the opposite of the ionization potential: [START_REF] Anderson | Accurate Electron Affinities and Orbital Energies of Anions from a Nonempirically Tuned Range-Separated Density Functional Theory Approach[END_REF][START_REF] Kronik | Excitation Gaps of Finite-Sized Systems from Optimally Tuned Range-Separated Hybrid Functionals[END_REF][START_REF] Zapata | Linear-response range-separated density-functional theory for atomic photoexcitation and photoionization spectra[END_REF] IP(ω) = -ϵ HOMO (ω).

(

) 1 
Since the calculated eBE are of the order of ∼ 1-100 meV, a small change in the exchangecorrelation potential could play a significant role in the evaluation of the eBE. For a couple of systems, we looked for the optimal value for ω such that equation ( 1) was satisfied up to 10 -1 eV (see Table 3). However, the calculated eBE were not significantly affected, the largest change occurring for the nitromethane where the difference is of 1.12 meV. To investigate further the influence of ω, we tried varying ω from 0.1 to 1.0 Bohr -1 , but the change in the calculated eBEs was up to ∼ 3-6 meV in the most extreme cases. Results

for acetaldehyde and nitromethane can be found in Figure 6. Therefore, we think that the 

The influence of the correlation

Since correlation is expected to play an important role for weakly bound anions, we tried using double-hybrid functionals. Namely, we used PBEQIDH 61 built as a global hybrid, including 70 % of exact Hartree-Fock exchange while the correlation part contains 33 % of Møller-Plesset pertubation (MP2) contribution. Due to its global hybrid character, PBE-QIDH is not expected to perform better than ωB97x, but it can inform us on the role of the correlation by analyzing the importance of the MP2 contribution to the eBE. To do so, we calculated:

∆E 2 = E 2 (Neutral) -E 2 (Anion), (2) 
where E 2 (Neutral) and E 2 (Anion) are the MP2 energy correction for the molecule and anion respectively. These energies are accessible in Table 4. Overall regarding the eBEs, as ex- SI4).

In view of our results, it seems likely that the addition of an MP2 correction to RSH functionals could increase the eBE for quadrupole or correlation-bound systems, without increasing the eBE of dipole-bound systems. A further development would be to use rangeseparated double hybrid functionals which decompose the electron-electron interaction for both exchange (RSH scheme) and correlation, the latter combining the DFT correlation potential with MP2, coupled Cluster, or random-phase approximations. [START_REF] Kalai | A general range-separated double-hybrid density-functional theory[END_REF][START_REF] Kalai | Range-separated double-hybrid density-functional theory with coupled-cluster and random-phase approximations[END_REF] Furthermore, the addition of such a correction might stabilize the excess electron slightly closer to the molecule for dipole-bound systems, which could give eBE smaller than those calculated with ωB97x and therefore give predictions closer to the experimental values. For quadrupoleor correlation-bound systems, this might facilitate the stabilization of the excess electron and could allow describing systems like perflurobenzene or NaONa that were inaccessible to ωB97x.

Conclusions

To 
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Figure 1 :

 1 Figure 1: (a) Dipole-bound type orbital for the acetonitrile (CH 3 CN) molecule. (b) Quadrupole-bound type orbital for the FMgF molecule. (c) Correlation-bound type orbital for the perflurobenzene (C 6 F 6 ) molecule. All surfaces shown encloses 50 % of the charge density.

Figure 2 :

 2 Figure 2: Radial Distribution Function (RDF) of the excess-electron density around nitromethane, calculated with global hybrid functionals BHandHLYP and B3LYP. The green or black dashed line corresponds to the RDF calculated with BHandHLYP or B3LYP functional, respectively.

Figure 3 :

 3 Figure 3: Radial distribution function of the electron around the Acetone molecule calculated with ωB97x functional and (1 [green],2 [blue],3 [red],4 [black]sp)-aug-cc-pvtz basis sets.

Figure 4 :

 4 Figure 4: Evolution of the electron binding energy with respect to the size and the spatial extent of the basis set.

Figure 5 :

 5 Figure 5: Radial distribution function (in a.u.) of the excess electron density for FMgF calculated at the DFT ωB97x/(3sp)-aug-cc-pvtz level compared to that 14 obtained at Coupled Cluster (EA-EOM-CCSD) level.

Figure 6 :

 6 Figure 6: Calculated eBE using (3sp)-aug-cc-pvtz basis set, with respect to range-separation parameter ω for the (a) acetaldehyde and (b) nitromethane.

Figure SI2 :Figure SI3 :

 SI2SI3 Figure SI2: Radial distribution function calculated at ωB97x/(2,3,4sp)-aug-cc-pvtz level for (a) acetaldehyde, (b) acetonitrile, (c) pyridazine and (d) thymine. For acetonitrile and thymine, the plotted RDF with (3,4)-aug-cc-pvtz basis set are quite similar and exhibit the expected behavior: a diffuse orbital (hill around ∼ 12-20 Angström) corresponding to a bound state.

Table 1 :

 1 Ref 33 ; b Ref 34 ; c Ref 14 ; d Ref 2 ; e Ref 16 ;

	Calculated eBE (in meV) with global hybrid functional B3LYP and BHandHLYP
	at (3sp)-aug-cc-pvtz level, compared with experimental data, except for FMgF and per-
	flurobenzene for which it is compared to EA-EOM-CCSD calculations. 14,16
	molecule	B3LYP BH&HLYP	Expt
	Acetaldehyde	114.689	7.606	0.6 a
	Acetone	131.613	13.355	2.8 b
	Acetonitrile	-	47.022	19.3 a
	FMgF	684.446	438.018	269 c (EA-EOM)
	Nitromethane	160.540	42.087	12 d
	Perflurobenzene	-	98.414 (2sp) 135 e (EA-EOM)
	Thymine	-	82.007	69 f
	a			

Table 2 :

 2 Calculated electron binding energies (eBEs), in meV, compared to experimental data (Rydberg Electron Transfer experiments mainly) and EA-EOM-CCSD calculations. (Nsp) means aug-cc-pvtz with N additional s and p functions.

	present work	references

a Ref 33 ; b Ref 34 ; c Ref 49 ; d Ref 4 ; e Ref 14 ; f Ref 6 ; g Ref 16 ; h Ref; 15,50 i Ref 51 ; j Ref 52 ; k Ref 53 ; l Ref 54 ; m Ref 55 ; n Ref 56 ; o CCSD/MP2 or CCSD(T) calculation.

Table 3 :

 3 eBE values (in meV) calculated with the optimized or default value of ω, corresponding ionization potential (IP) in eV, HOMO's energy in eV. The default value of ω is 0.3 Bohr -1 .

	molecule	ω (Bohr -1 ) IP(ω) (eV) ϵ HOM O (ω) (eV) eBE optimized (meV) eBE def ault (meV)
	Acetaldehyde	0.32	10.20	-10.14	19.61	19.51
	Acetonitrile	0.35	12.33	-12.30	30.75	30.60
	Acetone	0.30	9.66	-9.70	20.84	20.84
	FMgF	0.43	13.99	-13.91	143.62	143.02
	Nitromethane	0.36	11.84	-11.77	27.72	26.60
	Pyridazine	0.27	9.07	-9.13	31.13	31.27

Table 4 :

 4 Calculated eBE values at PBEQIDH/(3sp)-aug-cc-pvtz level, together with the ∆E 2 contribution to eBE. Energies in meV. In most cases, the overestimation of the eBE is more important. The exceptions being thymine, FMgF, and perflurobenzene where the eBE evaluation gives values that are closer to the expected values for thymine and FMgF, and allowed to bind the excess electron in a correlation-bound state for the perflurobenzene at the (3sp)-aug-cc-pvtz level, even though the calculated eBE is still smaller than the one calculated by Jordan et al. at EA-EOM-CCSD level[START_REF] Voora | Nonvalence Correlation-Bound Anion State of C 6 F 6 : Doorway to Low-Energy Electron Capture[END_REF] (44 vs 135 meV, Table 2). The biggest MP2 contribution to the eBE are obtained for FMgF, perflurobenzene and thymine with values of 80, 18 and 12 meV respectively. Adding ∆E 2 to the eBE obtained with ωB97x (values in Table2) for the thymine molecule or FMgF gives corrected eBEs of about ∼ 50 meV for thymine and ∼ 224 meV for FMgF, which is much closer to reference values (respectively 69 meV and 269 meV). Even though the density used to evaluate the MP2 correction is not the same as the one obtained with ωB97x, this gives interesting information about the potentially missing correlation energy with ωB97x. Additionally, for systems such as acetaldehyde, acetonitrile, acetone, nitromethane, where the electron mainly interacts via dipole-charge forces, the MP2 contribution is relatively small compared to the calculated energy. It is noteworthy that PBEQIDH, contrary to standard global hybrid functionals, is able to bind the excess electron, even at a large distance, and in spite of its global hybrid character regarding exchange. The plot of the RDF shows that PBEQIDH tends to stabilize the electron a little closer to the molecule than ωB97x does, except in the case of FMgF for which both functionals perform similarly (Figure

	molecule	∆E 2	eBE
	Acetaldehyde	0.46 33.088
	Acetone	2.04 34.821
	Acetonitrile	5.34 60.130
	FMgF	80.88 339.976
	Nitromethane	1.2	51.646
	Perflurobenzene 18.40 44.159
	Thymine	12.00 90.923
	pected, PBEQIDH does not perform better than ωB97x.

  conclude, DFT calculations with RSH functionals are able to describe weakly bound anions, particularly in the case of dipole-bound states. The spatial extent of the orbital occupied by the excess electron corresponds to a long-distance bound state, as expected. The predictions of the electron binding energies slightly overestimate the experimental values, except in the case of correlation-bound anions, for which a significant failure is observed. Some possible improvements, based on calculations performed with double-hybrid functionals, have been proposed. They suggest using range-separated double hybrid functionals to better evaluate the dispersion part.Lastly, studying weakly bound anions in the DFT framework allows exploring the most fundamental aspects of the theory, as states yield highly non-local effects and very low energies. Reference data is available from experiments or from highly correlated methods calculations. And, this could help to build new potentials adapted to long-range bound states, which could be then used in other areas where non-local effects are also significant. charge via the Internet at http://pubs.acs.org.

Table SI1 :

 SI1 Calculated dipole moment, in Debye, compared to experimental data. (Nsp) means aug-cc-pvtz with N additional s and p functions whose exponents have been determined by multiplying the previous most diffuse exponents by 0.3. Ref 1 ; b Ref 2 ; c Ref 3

	molecule	(0sp) (1sp) (2sp) (3sp) (4sp)	Expt
	Acetaldehyde	2.9232 2.9234 2.9233 2.9233 2.9233	2.75 a
	Acetone	3.1159 3.1162 3.1129 3.1161 3.1161	2.88 a
	Acetonitrile	4.0723 4.0714 4.0714 4.0714 4.0714	3.92 a
	Adenine	2.4265 2.4257 2.4257 2.4257 2.4257	2.5 b
	Benzonitrile	4.6984 4.6978 4.6977 4.6977 4.6977	4.2 b
	Butanal	3.0623 3.0624 3.0623 3.0623 3.0623	2.72 a
	Cyclopentanone 3.2832 3.2833 3.2833 3.2832 3.2832	2.88 a
	FMgF	0.00	0.00	0.00	0.00	0.00	
	NaONa	0.00	0.00	0.00	0.00	0.00	
	Nitromethane	3.6332 3.6347 3.6332 3.6347 3.6347	3.46 b
	Pivaldehyde	3.4973 3.4973 3.4974 3.4973 3.4973	2.66 b
	Pyridazine	4.2923 4.2916 4.2916 4.2916 4.2916	3.95 b
	Succinonitrile	5.787	-	-	-	-	5.72 c (EA-EOM-CCSD)
	Thymine	4.3884 4.3882 4.3881 4.3881 4.3881	4.1 b
			a				

Table SI2 :

 SI2 Calculated isotropic polarizability, in Å3 , compared to experimental data. (Nsp) means aug-cc-pvtz with N additional s and p functions.

	0.05						
	0.01 0.02 0.03 0.04 Radial distribution		RDF Acetaldehyde			
	0	0	molecule Acetaldehyde 10 20 Acetone r(Angstrom) 30	(0sp) (1sp) (2sp) (3sp) (4sp) Expt 4.45 4.45 4.45 4.45 4.45 40 4.6 a 6.16 6.16 6.16 6.16 6.16 6.4 a
			Acetonitrile	4.36	4.36	4.37	4.37	4.37 4.44 a
			Adenine	13.85 13.86 13.86 13.86 13.86 13.2 b
			Benzonitrile	12.55 12.55 12.55 12.55 12.55 12.5 b
			Butanal	7.90	7.90	7.90	7.90	7.90	8.2 a
			Cyclopentanone 8.84	8.84	8.84	8.84	8.84	9.3 a
			FMgF	2.66	2.66	2.66	2.66	2.66	-
			NaONa	11.15 11.15 11.15 11.15 11.15	-
			Nitromethane	4.74	4.76	4.76	4.74	4.74	4.80 c
			Pivaldehyde	10.11 10.11 10.11 10.11 10.11 10.0 b
			Pyridazine	8.57	8.58	8.58	8.58	8.58	9.8 b
			Succinonitrile	8.00	-	-	-	-	-
			Thymine	11.99 12.00 12.00 12.00 12.00 11.2 b
				a Ref 1 b Ref 2 ; c Ref 4	
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