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Fig. S1. XRD and corresponding Rietveld refinement pattern of LLO-FC.

Fig. S2. SEM images of Li; ,Niy,Mn, O, with/without F doping. (a) LLO-CP, (b) LLO-FC.
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Fig. S3. High resolution F 1s XPS spectrum of LLO-FP.
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Fig. S4. Atomic configuration of LLO-FC. (a, b) HAADF/STEM images of LLO-FC in the

region of layered structure (a) and rock-salt structure (b). (c,d) FFT patterns and FFT filtered

images of layered structure and rock-salt structure (d) corresponding to the red dash square in

(a) and (b), respectively. The FFT patterns were shown as insets. The FFT pattern in (c) could be

indexed to the [010] zone axis of Li-rich layered structure (Li,MnOs, C2/m) and the FFT pattern

in (d) could be indexed to the [110] zone axis of rock-salt structure (LiyNi; O, FmError!m)
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Fig. S5. (a) 0.2 C and (b) 1C cycling performance of LLO with and without Fluoride ion doping.
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Fig. S6. Normalized galvanostatic discharge profiles of LLO-FP and LLO-CP at 0.5C from 1 to

100 cycles.

S5



5
S 4 4 1 st
‘q'; 2 nd
)] 3rd
©
]
0
> 34
2-
] Lt ) > | LI ] L ] L
0 30 60 90 120 150

Capacity (mA h g")

Fig. S7. 0.2C charge-discharge profiles of LLO-FC in the first three cycles.
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Fig. S8. Equivalent circuit adapted to fit the electrochemical impedance spectra. Ry, representing
the bulk resistance, Ry is referred to the surface film resistance, R is referred to the charge-
transfer resistance, C; is the surface film capacitance, Cy is the double layer capacitance, and Z,,

representing the Warburg impedance associated with Li* diffusion in the material particles.
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Fig. S9. Z,. vs. @ plots of LLO-CP and LLO-FP in the low-frequency region.
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Fig. S10. (a-d) the atomic and electronic configurations of MnOg octahedral ligand in LLO (a),
compressed MnQOg octahedral ligand effected by Jahn-Teller effect (b), MnOs square pyramidal
after the formation of oxygen vacancy (c¢) and MnQOy, tetrahedral ligand (d) induced by formation

of oxygen vacancy.
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Fig. S11. Enlarged pre-edge region in Mn K-edge spectra of LLO-CP and LLO-FP.
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Fig. S12. Normalized XANES Ni K edge spectra of of LLO-CP and LLO-FP electrodes after
they were operated for 100 cycles. The valence states of Ni were determined by comparison

against spectra of pure-phase Ni and NiO, and the spectra obtained with TEY and TFY modes
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were shown by dash and solid line, respectively.
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Fig. S13. (a) Partial density of states (PDOS) of O ions in delithiated structures and (b) the
change of Bader charge upon delithiation. The empty n* antibonding state in Lig4Nip,Mng¢O,
was marked by red dash cycle. The negative value in Bader analysis indicated the loss of

electrons upon delithiation.

Table S1. XRD Rietveld refinement results of Li; ;Nip,Mng O, before and after F doping.

Lattice parameter (A) Li/Ni interlayer
Sample ](003)/1(104) mixing % (Nl}b/ RWP Rp
a c
Nitotal)
LLO-FP 2.874(0) 14.358(1) 0.84 9.1 931 7.46
LLO-CP 2.865(5) 14.347(7) 1.42 2.5 7.89 6.51
LLO-FC 2.877(6) 14.344(0) 1.32 3.1 7.17 6.16
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Table S2. Relative concentration of F and O in LLO-FP obtained from XPS

F (0]

Relative concentration (%) 22.4% 77.6%

Table S3. R, R and Dy; values of LLO-CP and LLO-FP after 1, 10 and 100 complete

charge/discharge cycles at 0.5 C.

RS(Q) Rct(Q) DLi (CI’IlZ S_l)
Ist 10 100" It 10t 100" 100t

Samples It cycle 10 cycle
cycle cycle cycle cycle cycle cycle cycle

LLO-CP  20.46 37.13 3239 112.9 554.4 951.3 2.99x10°14  6.79x10°15  7.78x10716

LLO-FP  11.46 3411 67.72 185.1 354.9 537 2.11x10%  1.54x101%  1.76x10°13
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