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Fig. S1 Schematic diagram of the spray pyrolysis system for the synthesis of CYS-
Ni/NiO/C microspheres
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Fig. S2 Detail formation mechanism of the hollow space between yolk and shell

during spray pyrolysis
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Fig. S3 TG curve of a CYS-Ni/NiO/C microsphere, and b CYS-NiO/C microsphere
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Fig. S4 a SEM images, and b XRD pattern of the hollow NiO microspheres
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Fig. S5 Cyclic voltammogram (CV) curves of a CYS-Ni/NiO/C microspheres and
b hollow NiO microspheres
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Fig. S6 Rate performances of CYS-Ni/NiO/C and hollow NiO microspheres at
different current densities
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Fig. S7 Equivalent circuit model used for AC impedance fitting: a bfore cycling,
and b after cycling, Ret = charge-transfer resistance, Re = electrolyte resistance, Ry

= SEI layer resistance, Q: = dielectric relaxation capacitance, Q. = associated
double layer capacitance

Fig. S8 SEM image of the PS nanobeads with 40 nm synthesized using an
emulsifier-free emulsion polymerization method
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Fig. S9 Cycle properties of CYS-NiO/C microsphere at current densities ofa 0.2 A
glandb0.5Ag?

The authors investigated the contribution of carbon to the capacities of CYS-
NiO/C microspheres for Li* ion storage. In order to calculate the capacity
contribution of the C, CYS-NiO/C microspheres was etched with HCI solution to
obtain pure C powders. From the EDS and CV measurement in Fig. S10b, c, the
complete removal of NiO in the structure was confirmed. The first discharge—
charge profile confirms the powders to be pure C with discharge/charge capacities
of 1137 and 568 mAh g, respectively as shown in Fig. S10d. The pure C
powders exhibited a reversible discharge capacity of 339 mAh g* at a current
density of 1.0 A g for the 200" cycle as shown in Fig. S10e. Therefore, the
contribution of the C to the discharge capacity of CYS-NiO/C microspheres could
be estimated to be 6.2%.
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Fig. S10 a FE-SEM image, b EDS spectrum, ¢ CV curve, d Initial discharge/charge
curves, and e cycling performance of C powders prepared from CYS-NIO/C
microspheres by etching with HCI solution
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The authors obtained powders from a solution containing Ni salt, PVVP, and
without PS nanobeads. The as-prepared powders showed hollow sphere structure.
Without adding PS, coral like yolk-shell structure was not formed owing to the fast
drying of the droplets and the rapid decomposition of the metal salts. Therefore, in
this study, PS nanobeads take roles of dispersing agent and pore generator. The
prepared powders had majority of Ni metal phase due to carbothermal reduction
reaction under a N2 atmosphere during spray pyrolysis, as shown below XRD result.
Therefore, the powders showed the low discharge capacity even though its cycle

property was good, as shown below.
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Fig. S11 a XRD pattern and b cycle property of the powders prepared from a
solution containing Ni salt, PVP, and without PS nanobeads
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Fig. S12 a SEM image and b XRD pattern of the coral-like yolk-shell-structured
CoO/C composite microspheres
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Table S1 Electrochemical properties of the NIiO materials with various

morphologies as anode materials for LIBs

Current Initial Final
Materials Voltage Rate Cuis/Ccha dlscha_r ge Cycle Refs.
range (V) (MA gY) (MAh g?) capacity number
g g (mAh g?)

. . 0.001- 2,000 1,100/699 635 1,000 In this
CYS-NiG/C microsphere 3 1,000 1.124/778 991 500  work
NiO nanofibers 0'0305' 80 ~1,280/~784 ~583 100 [S1]
Porous NiO fiber 0.01-3 40 ~1,100/696 ~638 50 [S2]
NiO Nanowall 0'0305' 895 1,050/833 ~638 85 [S3]
NiO@TiO2 core-shell 0.001- 300 1.302/937 970 80 (4]
nanopowders 3 '

NiO/RuO2 composite 0.005- AEM

carbon nanofibers 3 40 650/~480 360 40 [S8]
NiO/MWCNT 0.05-3 50 1,084/720 800 50 [S6]
NiO nanoshafts 0.01-3 50 1,300/~860 410 30 [S7]
NiO microspheres 0.01-3 100 1,570/~1,060 100 30 [S8]
NiO hollow microspheres 0.02-3 100 1,100/620 560 45 [S9]
NiO-C nanocomposite 0.01-3 700 1,102/1,002 382 50 [S10]
NiO/graphene 0.02-3 100 ~1,100/~730 646 35 [S11]
3D flower-like NiO 0.01-3 100 1,496/1,186 713 40 [S12]
NiO nanoflake arrays 0.01-3 100 900/~750 720 20 [S13]
Co-doped NiO nanoflake 0-3 100 1201/882 600 50 [S14]
Co-doped NiO 0-3 718 1,301/1,006 1,018 50 [S15]
nanoparticles

NiO yolk-shell powders 00 700 ~1,200/898 951 150  [S16]
Bamboo-like amorphous

carbon nanotubes clad in 0.01-3 800 1,377/936 1034 300 [S17]
ultrathin NiO nanosheets

Spherical and hollow- 0.001-

structured NiO aggregates 3 1,000 ) 1,118 500 [52]
NiO nanofibers composed 0.001- 1.000 1.000/766 707 250 [58]
of hollow nanospheres 3 ' '

Hollow NiO 0.001-

nanooctahedrons 3 1,000 1175/- 1,234 150 [S18]
Egg shell-yolk NiG/C 0-3 100 1175/- 625 100 [S19]
porous composites

NiO nano octahedron

aggregates 0.01-3 143.6 1219/730 793 200 [S20]
Triple-shelled NiO hollow o) 3 509 1,091/769 789 100 [s21]

spheres
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Porous NiO hollow quasi-

0.01-3 200 1149/850 ~760 100  [S22]
nanospheres
Hierarchical NiO nanobelt 59 3 1436 ~1051/~795 ~1035 70 [S23]
film arrays
Flower-like NIO/RGO 0.01-3 100 ~1492/~997 ~702 100 [S24]
nanocompOSItes
Porous NiO Nanorods 0.01 100 ~743/- ~700 60 [S25]
Nanostructured NIG/C 0.01-3 70 ~2398/- ~586 50 [S26]
composite particles
3D hierarchical
graphene@NiO@C 0.01-3 200 1490/1035 754 50 [S27]

composite

Table S2 Fitted data obtained from the equivalent circuit for Nyquist plots

Re (2) Ret (Q)

Fresh CYS-NiO/C 7 314

cell CYS-Ni/Nio/C 7 418

Hollow NiO 7 374

After 1th CYS-Nio/C 6 15

cycle CYS-Ni/NiO/C 7 22

Hollow NiO 6 25

After 200th CYS-Nio/C 5 18

cycle CYS-Ni/NiO/C 5 19

Hollow NiO 6 223
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