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Figure S1: Calculated po as a function of 7" and P

Oxygen Chemical Potential Dependence of Temperature and Pressure

Oxygen chemical potential (up) is related to the sample preparation environment, and
can be further expressed as: o (T, P) = po + Apo(T, P). For the elemental reference 10,
we choose the total energy of the isolated ground state O5 molecule. At temperature TH=298
K and pressure Py=1 atm, O, standard enthalpy Hy=8.7 KJ mol~! and entropy Sy=205 J
mol~! K=1.! The relative oxygen chemical potential Ao at temperature 7' and pressure B,

can be expressed as:?
AnolT, o) = Mty + AH(T)] = 715, + AS(T)]} 1)

where AH(T) = Cp(T — Tp) and AS(T) = Cpin(T/Ty). Applying the ideal gas law for
T > 298 K, the constant-pressure heat capacity Cp per diatomic molecule is C'p = 3.5kp.
For pressure other than Py=1 atm, puo(T, P) = po(T, Py) + 5kpTIn(P/Fy).* As a result,
we are able to relate oxygen chemical potential with the corresponding temperature and

pressure. Fig. S1 illustrates the change of o as a function of 7" and P.
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Figure S2: (a) Calculated doping formation energy difference (AE}V =11 between doping at
Ni- and Li-site of doped-LiNiO, as a function of relative lithium chemical potential (App;).
(b) Doping formation energy difference of the dopants as a function of their corresponding
ionic radii.* The vertical dashed line represents the ionic radius of Ni*+
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Figure S3: The configurations of Li;_,NiO, slab models with (104) surface facet with (a)
x=0, (b) £=0.33, (¢) z=0.5, (d) 2=0.67, (e) 2=0.75. (Color code: green for Li atom, grey
for Ni atom and red for O atom).
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El AN Series wan. C norm. C Atom. C Error (1 Sigma)
[wt.%] [wt. %] [at.%] [wt. %]

Ni 28 K-series 66.71 66.71 38.42 z.03
8 0 8 K-series 28.53 28.53 60.26 0.88
Sb 51 L-series 4.76 4.76 1.32 0.51

Total: 100.00 100.00 100.00
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El AN Series wumn. C norm. C Atom. C Error (1 Sigma)

(©)

[wt.%] [wt.%] [at.%] [wt.%]

Ni 28 K-series 63.69 63.69 35.97 z.00

s 0 8 K-series 30.08 30.08 62.33 0.96
$b 51 L-series 6.22 6.22 1.69 0.69

Total: 100.00 100.00 100.00
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Figure S4: (a) Overlapped EDS map of Sb and Ni in doped-LiNiO,. (b) Integrated EDS
spectrum from the circled region (interior of the particle) and the compositional quantifica-
tion of O, Ni and Sb. (c,d) Integrated EDS spectrum from the selected region (surface of
the particle) in (¢) and quantification of the compositions of O, Ni and Sb. The ratios of

Sb/(Sb+Ni) in the interior region and surface region are determined as 3.3 and 4.5 at.%,
respectively.
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Figure S5: Calculated partial density of states (PDOS) for dopants and neighboring oxygen
atoms at the surface (a) and the bulk layer (b) in doped-LiNiO,. Black solid lines represent
oxygen PDOS.
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