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I. COMPUTATIONAL METHODS

All calculations were performed using the plane wave DFT code VASP using projector augmented wave pseudopo-
tentials [1–4]. We treat the Li 1s2 and 2s1, Ni 3d, and O 2s2 and 2p4 electrons as valence. The HSE06 hybrid-DFT
functional[5, 6] was used for all calculations for NiO2, except the initial calculations on the twin-boundary structure
which were carried out using the PBEsol functional[7] with a Hubbard U [8] correction of 6 eV applied to the nickel 3d
orbital [9]. Dispersion forces were treated using Grimme’s semiclassical D3 correction with Becke-Johnson damping
[10, 11]. Convergence tests determined a plane-wave energy cut-off of 600 eV, to satisfy the energy tolerance threshold
of 1meV/atom in all the systems studied. With any calculations that allowed the cell volume to change, the energy
cut-off was increased to 780 eV (+30%)[12] to minimize Pulay stress.

Defect structures in the Jahn-Teller distorted LiNiO2 space group P21/c were generated using ShakeNBreak and
analyzed using doped, defect concentrations and self-consistent Fermi energies were calculated using py-sc-fermi
[13–16]. All defect relaxations were performed in a 2× 4× 2 expansion of primitive P21/c structure using the HSE06
functional with a 2× 2× 2 Γ-centered Monkhorst-Pack k-point mesh. The convergence criteria for total energy and
forces were 1× 10−5 eV and 0.01 eV/Å respectively.

Structure search calculations in NiO2 were run in a supercell generated to best mimic a cubic-like cell while
maintaining a minimum lattice vector 10 A in each direction. The twin boundary structure was taken from ref [17],
and expanded to minimize interactions between periodic images. Structure search calculations run with “coarse”
settings: Γ-point only k-point sampling and a force convergence tolerance of 0.02 eV/Å. Any structures which
were then discussed further were then re-relaxed with 2 × 2 × 2 k-point mesh and a force convergence criteria of
0.01 eV/Å (excepting the twin boundary structures, which were relaxed with DFT+U followed by only coarse HSE06
calculations).

Defect formation energies are calculated as

∆EXq

f = EXq

tot − Ebulk
tot −

∑
i

ni(µi +∆µi) + q(EF + Evbm) + Eq
corr, (1)

where EXq

tot is the total energy of a supercell containing defect X in charge state q, and Ebulk
tot is the total energy of the

defect free supercell. ∆µi are chemical potentials of each atomic species i that are added to (ni > 0) or removed from
(ni < 0) the supercell to form defect X. µi are elemental reference energies, calculated for each element in its standard
state. EF is the Fermi energy, with this term accounting for the energy to add (q < 0) or remove (q > 0) electrons
to or from the supercell. Evbm is the DFT-calculated energy of the valence band maximum of the host system. Eq

corr

is a correction term that accounts for the finite size of the supercell [18]. Correction terms were determined using
the method of Freysoldt, Neugebauer, and Van de Walle [19]. The relevant region of the chemical potential space is
restricted by the thermodynamic stability limits of the system under study with respect to competing phases and was
determined using CPLAP [20].

The structures shown in figs 3 and 5 in the main manuscript were drawn in VESTA [21] using default settings
for bond and polyhedra visualization. The data and scripts used to generate figures 2, 3, 4, 5 and 7 in the main
manuscript, and figure 1 in the supporting information, are available at the DOI: 10.5281/zenodo.12518256.
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II. OXYGEN DIMER FORMATION IN NI-EXCESS SYSTEMS
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FIG. 1: The energy differences per supercell on dimer formation from a system containing oxygen holes in three
cases: no excess Ni (i.e the same energy difference as presented in figure 3 in the main manuscript) and then two
additional structures which both contain an excess Ni relative to the first case. In one case, the excess Ni is placed

in an octahedral interstitial site near the oxygen holes/dimer, and in the third case it is placed far from these
species. In all cases, dimerization is an exothermic process.

To provide an initial survey of whether our proposed defect-driven oxygen dimerisation mechanism holds in the
presence of excess Ni we have run an additional set of calculations. Taking the structures represented schematically
in figure 3 in the main manuscript, we insert an additional Ni in the furthest vacant octahedral site in the inter-layer
spacing from the dimer/oxygen holes and migrated nickel, and then an additional structure for each case where the
additional Ni is in a site close to the dimer/oxygen holes and migrated Ni. The addition of the additional nickel into
a cell containing 120 atoms corresponds to a Ni excess of 2.5%. This gives us four additional calculations. For both
the ‘near’ and ‘far’ Ni structure, the more stable system is the system containing the dimer, not the analogous system
containing oxygen holes, the energy differences as compared to the energy difference in the “stochiometric” system
shown in figure 3 in the main manuscript are shown in fig. 1. As such, it seems unlikely that the kinetic stability of
highly delithiated LiNiO2 is not compromised by the presence of excess nickel.
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