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Abstract 
We present an isotropic (Ueff) and anisotropic (U-J) Hubbard and van der Waals (vdW) corrected Density Functional Theory study of bulk and low-index surfaces of lithium manganese oxide LiMn2O4 (LMO), a promising cathode material for high-power Li-ion batteries. Use of anisotropic (U-J) corrections in the simulation of bulk LMO leads to improved agreement with available experimental data, whereas vdW corrections do not affect the results. Carefully converged relaxation of slab geometries indicates that, when vdW-corrections are included, the spinel reconstructed Literminated (111) surface is always energetically favored for both Ueff and (U-J) methods, regardless of the LMO phase. In contrast, neglect of vdW corrections leads to the (001) surface in orthorhombic phase being favored when applying (U-J) corrections. Independently of the simulation protocol and crystalline phase, (111) truncation, reconstructed or not, promotes LMO disproportionation and appearance of Mn+2 cations, without the need of any chemical or electrochemical surface treatment. Absolute band-alignment of the considered surfaces reveals increased reductive propensity for the (111) terminations. Finally, our computational findings are discussed with respect to available data on the observed surface dependence of Mn disproportionation and electrochemical passivation of LMO substrates.
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1. README for the data catalogue
This archive contains open-data for "(Sub)surface Promoted Disproportionation and Absolute Band Alignment in High-Power LiMn2O4 Cathodes" by Scivetti, Ivan; Teobaldi, Gilberto. To be published in the Journal of Physics Chemistry C. 
The open data is organized as follows
==== Figure*.agr
xmgrace files and raw data of the figures in the paper
==== Figure-S*.agr
xmgrace files and raw data of the figures in the supporting information
Description of the Methods used to generate the data follows in Section 2.

2. Methods
All the calculations in this work were spin-polarized and performed using the DFT+U approach50-54 together with periodic boundary conditions (PBCs) and the projector augmented wave method, 58 as implemented in the VASP code.59-61 Following previous work,41 the electronic exchange-correlation was treated according to the GGA-PW91 approximation62 and the interpolation formula of Vosko et. al.63 We considered two different DFT+U alternatives: i) the “fully anisotropic” approach where both Coulomb and exchange terms (U and J, respectively) are matrices that account for the spatial anisotropy of the d-orbitals, and ii) the effective U approach (Ueff), where U is spherically averaged and J is set to zero.52 In principle, the fully anisotropic scheme (U-J from now on) is a more accurate approximation for the description of the d-orbitals and has been successfully applied to β-MnO2 to correct the limitations of the Ueff approach.56  However, the improvement in accuracy is governed by the accuracy of the U and J parameters.  Following previous work,44,45,64 we set Ueff=5.0 eV and, under the assumption that the Slater integrals F2 and F4 are weakly screened in crystals, we chose J=1.2 eV, which corresponds to the computed value for Mn+4 in the atomic-limit.65 Accordingly, in order to compare both DFT+U methods, the value of U for the (U-J) case was set to 6.2 eV. 
For easier comparison with previous results,42,45 we used cubic and tetragonal supercells containing eight formula units of LMO for bulk simulations. For the simulation of surfaces we used the slabs approximation and tested the smallest thickness required to converge surface energies (see below). A vacuum separation of 10 Å was used to avoid spurious interactions between opposite surfaces of the PBC-replicated slabs.
As discussed elsewhere,44-46 the low-index surfaces of LMO are polar and possess a net dipole moment. Due to the use of PBCs, such a dipole introduces undesirable artificial electrostatic interactions between the infinite replicas of the simulation cell, causing the energy of the system to diverge with the thickness of the slab. This severe drawback can be remedied by using either surface defects or reconstructions to cancel out the dipole moment.66,67 For simplicity and sake of comparison with previous results, 44-46 we applied the method of Tasker68 and only considered stoichiometric slabs, cancelling the slab dipole moment by transferring atoms between the two opposite surfaces. This procedure and its application to LMO slabs has been thoroughly described previously.44-46 
We used a plane-wave energy cutoff of 550 eV. For the Brillouin zone sampling of bulk calculations, we set 3x3x3 k-points within the Monkhorst-Pack scheme,69 whereas for slabs calculations we sampled the 2D Brillouin zone with 3x3 and 2x4 k-point grids for the (001) and the (111) surfaces, respectively. These parameters were checked to lead to values of total energy and magnetic moments converged within 5 meV and 0.02 µB, respectively.
Given the far from immediate link between atom-partitioned (projected) charges and oxidation states for transition metal elements in oxides,70,71 and following previous work,46 Mn+4, Mn+3 and Mn+2 sites where identified on the basis of the computed atomic magnetic moments, whose magnitudes depend on the adopted DFT+U method, as well as the crystalline phase and overall magnetic ordering. The range of computed magnetic moments of Mn+4 and Mn+3 in bulk are 3.03─3.40 µB and 3.88─4.00 µB, respectively.  For surfaces, in contrast, we obtain 2.98─3.50 µB, 3.77─4.03 µB and 4.55─4.60 µB for Mn+4, Mn+3 and Mn+2, respectively. The computed surface-enhancement of Mn atomic moment is in line with previous results in Ref. 46. We recall that computed magnetic moments for the Mn atoms [as well as DFT+Ueff (U-J) total energy] depend on both the value of Ueff (U-J) and the choice of the DFT+Ueff (U-J) projectors.72
Finally, for consistency with future simulations of LMO interfaces with the electrolyte, we also investigated the effects of including and neglecting dispersion interactions. To this purpose, we used the van der Waals corrected (DFT-vdW) formalism and parameterization proposed by S. Grimme57 that account for vdW interactions via element-specific semi-empirical pair potentials and a global scale factor (S6), that in turn depends on the adopted approximation to the exchange-correlation potential. Here, we used the recommended S6 value of 0.7 for the PW91 exchange-correlation functional.57
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