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Fig. S1 Typical (a) SEM image and (b) XRD pattern of the pristine LNO. (c) CVs of pristine LNO

electrode between 4.6 and 2.2 V at a scan rate of 0.05 mV sl
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Fig. S2 (a) EDX spectrum of the 1D LMO@LNO. (b-d) XPS spectra of (b) Ni 2p, (¢c) Mn 2p, and

(d) O Is regions of the ID LMO@LNO.
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Fig. S3 (a) Cycling performances of the 1D LMO@LNO electrode in the potential window of 2.0-
4.8, 2.0-4.6, and 2.0-4.4 V at a current density of 20 mA g'!. (b-d) Corresponding differential

capacity plots within the potential window of (b) 2.0-4.8, (¢) 2.0-4.6, and (d) 2.0-4.4 V.



Fig. S3 shows the effect of the different charge cutoff voltages on the charge/discharge
capacity and capacity retention of the 1D Li-rich LMO@LNO electrode. Obviously, the 1D Li-
rich cathode shows better cycling retention at a relatively low charge cutoff voltage because of the
suppression of both phase transition and Mn ion migration. Furthermore, because the electrolyte
also could be decomposed at a high charge cutoff voltage, lowering the charge cutoff voltage could
be a practical way to restrain the capacity of the Li-rich LMO@LNO cathode materials in this

study.
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Fig. S4 (a) Cycling performance of the LMO@LNO electrode between 2.2 and 4.4 V at a current

density of 20 mA g!. (b) Corresponding differential capacity plots between 2.2 and 4.4 V.

As shown in Fig. S4, the 1D Li-rich LMO@LNO cathode cycled at a rate of 20 mA g! in the
potential window from 2.2 to 4.4 V for the investigation of the effect of the discharge cutoff voltage
on the capacity retention during subsequent cycling. The LMO@LNO displays high stability at a

relatively high discharge cutoff voltage, which could originate from the inhibition of the structural

deformation.
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Fig. S5 (a) Charge/discharge capacity-potential curves for the LMO@LNO and pristine LNO
electrodes at a current density of 20 mA g'! between 4.6 and 2.2 V at the 11t cycle. The gaps
between arrows show the degree of electrode polarization. (b) Differential capacity plots between

22and 4.6 V.



Fig. S6 Typical SEM images of (a) LMO@LNO and (b) NC@NiO electrodes after cyclings in

the half-cell.
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Fig. S7 (a) EDX spectrum of the 1D NC@N:iO. (b-f) XPS spectra of (b) full scan, (¢) N Is, (d) C

Is, (¢) Ni 2p, and (f) O 1s regions of the 1D NC@NiO.



XPS analysis was performed to examine the oxidation state of the N, C, Ni, and O elements
in the as-prepared NC@NiO composite NWs. The XPS survey spectrum of the NC@NiO NWs is
depicted in Fig. S7b. As shown in Fig. S7c, the N Is peak is deconvoluted into three peaks at
399.6, 399.0, and 398.6 eV, which could be attributed to graphitic N, pyrrolic N, and pyridinic N,
respectively. Note that the N species could affect the electronic properties of the carbon material
through increasing an electron density, resulting in a significant conductivity improvement as
compared with non-NC-coated NiO electrode material.[S!! Furthermore, the presence of N
heteroatom is able to improve an electrolyte wettability of the electrode.[5>53] Fig. S7d presents the
C 1s spectrum, which can be resolved into three peak components: the main peak at 284.6 eV is
attributed to C—C, whereas minor peaks at 285.3 and 288.2 eV can be assigned to C—O/C-N and
C=0/C=N, respectively.[5* In Fig. S7e, the peaks of 872.2 and 854.7 €V can be attributed to Ni
2p1, and Ni 2ps, respectively. The binding energy separation between these two peaks is 17.5
eV, which is in line with a previous report.[S3] As shown in Fig. S7f, the O 1s peak is deconvoluted
into three peaks: one peak at 529.0 eV is ascribed to the oxygen species in the NiO NWs, while
the other peaks at 529.2 and 530.8 eV correspond to the OH- species or chemisorbed oxygen on
the surface of NiO NWs.[5¢] Consequently, the XPS spectra further demonstrate that the NC@NiO

NWs are composed of nitrogen-doped carbon and NiO.
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Fig. S8 TGA curves of the non-NC-coated NiO and NC@NiO NWs. The measurements were

performed from room temperature to 500 °C at a heating rate of 10 °C min™! in air.

TGA curves were obtained to examine the carbon content in the NC@NiO composites. In Fig.
S8, 0.24 % weight loss for both NC@NiO and non-NC-coated NiO NWs before 105 °C was
observed, which could be ascribed to the elimination of adsorbed water. 1.01 % weight loss
between 105 and 350 °C for the non-NC-coated NiO could originate from the dehydroxylation of
surface-attached water and -OH groups, whereas 1.48 % weight loss for the NC@NiO composites
could originate from the carbon decomposition. Therefore, the carbon content in the NC@Ni1O

could be 0.47 wt%.
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Fig. S9 (a) HRTEM image and (b) EDX spectrum of the non-NC-coated NiO. (c¢) Darkfield TEM

image with corresponding elemental mappings of the Ni and O for the NiO.
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Fig. S10 Coulombic efficiency-cycle number curves of the NC@NiO and NiO at a current rate of

71.8 mA g in the potential window of 0.01-3.0 V.
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Fig. S11 (a) Nyquist plots of the NC@NiO and NiO measured at 3.0 V after the first. (b) The

relationships between Z, and w3 after the first cycle.

To examine the kinetic properties of the NC-coated NiO structure, the Li" diffusion
coefficients (D;;+) of the NC@NiO and NiO electrodes were investigated from EIS measurement
(Fig. S11a). The D;;+ was obtained by the following equations:

D+ = R?T?2An*F4C?c? (1)

Z.= R+ Ry + 003 ()
where, R is the gas constant and T is the absolute temperature. 4 is the electrode area, n is the
number of transferred electrons per molecule, F is the Faraday constant, C is the Li* concentration,
and o is the Warburg coefficient which is related to Z, and w7 from equation (2). By plotting Z,
vs. %3 curves, o can be explored from the slope in Fig. S11b. According to these parameters, the
Dy of NC@NiO and NiO are 1.94 x 10-'® cm? s'! and 7.82 x 10! em? s°!, demonstrating the
enhanced kinetic properties of the NC@NiO could be originated from its short Li* diffusion

distance with large electrolyte permeability in the electrode.[S7-S8]

14
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Fig. S12 Cycling performances of the LMO@LNO/NC@NiO (pre-activated) full battery operated

at a potential gap of 0.1-4.2 V and 0.1-4.0 V.

The full LIB was also cycled at a current density of 20 mA g! between 0.1 and 4.2 V to
examine the effect of charge cutoff potential on the cycling capacity with cycleability. The full
LIB operated from 0.1 to 4.2 V showed higher discharge capacities (153.3 mAh g!) and lower
cycling stability (75.8 %) compared with the discharge capacities (132.1 mAh g'!) and cycleability

(78.7 %) of full LIB operated from 0.1 to 4.0 V after 25 cycles.
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Table 1 Comparison of performances of the present work with other Li-rich cathode oxides.

Samples Architecture  Current rate Cycle Capacity Ref.
number retention

0.3L1,MnO5-0.7LiMng ¢Nij »5C0¢ 150, sphere 05C 30 ~175 mAh g'! S9
0.3L1,MnO5-0.7LiMn 6oNig 25C00 1505 particle 05C 25 ~170 mAh g'! S10
0.3L1,MnQO5-0.7LiMn, ;Nij,Coq ; O, particle 0.1C 30 188 mAh g! S11
0.3L1,MnO5-0.7LiMn, sNij sO4 particle 50 mA g! 50 ~150 mAh g! S12
0.3L1,MnO5-0.7LiNiy sMn; 50O, particle 5mA g! 25 ~180 mAh g'! S13
0.3Li,Mn0O5-0.7LiNi, sMn; 50, sphere 100 mA g! 80 ~150 mAh g'! S14
LiCoO,@Li,MnOs nanoribbon 10 mA g! 30 180 mAh g'! S15
0.2Li1,MnO5-0.8LiNi, sMn, 50, nanorod 50 mA g! 100 248 mAh g! S16
0.3Li,Mn0O5-0.7LiNi;5Co;5Mn,; 50, nanorod 100 mA g-! 60 156 mAh g! S17
0.3Li,Mn0O5-0.7LiNiO, nanowire 20 mA g! 100 139.2 mAh g'! :;i

16



Table 2 Comparison of charge/discharge properties of the present work with other carbon-coated

NiO anode materials.

Samples Architecture  Current rate Cycle Capacity Ref.
number retention
NiO/C nanocapsule 359 mA g’! 50 1157.7mAh g! S18
NiO/CNTs microsphere 723 mA g! 100 5493 mAhg!  S19
NiO/C particle 100 mA g'! 100 625.3mAh g!  S20
NiO/C particle 70 mA g! 50 585.9mAhg!  S21
NiO@C particle 143.6 mA g! 50 580 mAh g! S22
NiO/carbon nanoweb 100 mA g'! 60 758 mA h g'! S23
CNS/NiO nanofiber 100 mA g'! 50 902 mA h g'! S24
CF/NiO nanofiber 100 mA g! 100 4412 mAh g'  S25
NiO/C@CNT microsphere 50 mA g! 20 573 mAh g'! S26
NC@NiO nanowire 71.8 mA g’! 40 1007.2 mAh g! :;i
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