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Fig. S1. (a-c) FESEM images and (d) particle size statistics of Co;0,4
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Fig. S2. (a, b) TEM images, (c) SAED pattern, and (d) HRTEM image of Co;04-AP sample.
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Fig. S3. Thermogravimetric curve of C0;04-350 sample measured at the temperature range of 25-600

°C with a heating rate of 10 °C min'! under air atmosphere.
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Fig. S4. XPS survey spectra of (a) Co304-AP and (b) Co304-350 samples.
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Fig. S5. High-resolution XPS spectra of Co;04-AP sample: (a) Co 2p region, and (b) O 1s region.
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Fig. S6. (a) CV profiles of the Co;04-AP electrode during the first three cycles at a scan rate of 0.5 mVs

“I'between 0.01 and 3 V (vs. Li*/Li), (b) The charge-discharge curves of Co;04-AP electrode for the first

three cycles between 0.01 V and 3 V vs. Li*/Li at a current density of 0.1 A g-!.
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Fig. S7. (a) CV profiles of the Co;04-CoO electrode during the first three cycles at a scan rate of 0.5

mVs ! between 0.01 and 3 V (vs. Li*/Li), (b) The charge-discharge curves of Co3;04-CoO electrode for

the first three cycles between 0.01 V and 3 V vs. Li*/Li at a current density of 0.1 A g'!.
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Fig. S8. FESEM images of (a) Co;04-AP and (b) Co3;04-350 electrodes after cycling test.

S9



_le (Q)

2000 - 800
“‘ o i After 50th cycles &
—M—tm:—we— -
1500 |
Fresh cell . "
—————— @ m .
® Co,0,-350 2 - g
1000w Co,0-AP ° - =
. n N
¢ Co0,0-CoO .o a ® )
° I
500 .IIP.IIII.II-. *®
/I'\‘oumﬂ'.
n 1 1 L
0 500 1000 1500 2000 0 200 400 600 800 1000
7' (Q) z Q)

Fig. S9. Nyquist plots of Co;04-AP (black squares), C0304-350 (red circles) and Co;04-CoO (blue
hexagons) samples used for LIBs test (a) before cycling and (b) after 50 charge-discharge cycles. The
spectra were measured with an amplitude of 10 mV over the frequency range of 1 mHz and 100 kHz.
The inset shows the equivalent electrical circuit used for fitting the EIS data. Ry is the electrolyte
resistance, R is the charge-transfer resistance, Z,, is the Warburg impedance, and CPE is the constant

phase-angle element, respectively.
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Fig. S10. XRD patterns of the Co;04 samples annealed at different temperatures. The pattern of Co;04-

AP is also shown for comparison.
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Fig. S11. Thermogravimetric curve of Co;04-400 sample measured at the temperature range of 25-600

°C with a heating rate of 10 °C min'! under air atmosphere.
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Fig. S12. Thermogravimetric curve of Co;04-450 sample measured at the temperature range of 25-600

°C with a heating rate of 10 °C min'! under air atmosphere.
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Fig. S13. XRD patterns of a series of standard samples prepared by mixing polycrystalline Co;0, and

CoO powders with designed composition (weight percent of CoO =5, 10, 20, 40, 60%).
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Fig. S14. The relationship between ratios of the two characteristic peaks (absolute intensity and integral

area) and CoO amount in the standard samples.
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Fig. S15. (a-c) FESEM images and (d) particle size statistics of Co;0,4-300 sample.
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Fig. S16. (a-c) FESEM images and (d) particle size statistics of Co;0,4-400 sample.
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Fig. S17. (a-c) FESEM images and (d) particle size statistics of Co;0,4-450 sample.
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Fig. S18. (a-c) FESEM images and (d) particle size statistics of CoO-550 sample.
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Fig. S19. (a, b) TEM images, (c) SAED pattern, and (d) HRTEM image of Co304-300 sample.
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Fig. S20. (a, b) TEM images, (c) SAED pattern, and (d) HRTEM image of Co304-400 sample.
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Fig. S21. (a, b) TEM images, (c) SAED pattern, and (d) HRTEM image of Co304-450 sample.
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Fig. S22. (a, b) TEM images, (c) SAED pattern, and (d) HRTEM image of CoO-550 sample.
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Fig. S23. High-resolution XPS spectra of Co;04-300 sample: (a) Co 2p region, and (b) O 1s region.
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Fig. S24. High-resolution XPS spectra of Co;04-400 sample: (a) Co 2p region, and (b) O 1s region.
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Fig. S25. High-resolution XPS spectra of Co;04-450 sample: (a) Co 2p region, and (b) O 1s region.
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Fig. S26. High-resolution XPS spectra of CoO-550 sample: (a) Co 2p region, and (b) O 1s region.
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Fig. S27. Electrochemical performance of Co30,4-300 sample: (a) CV profiles during the first three cycles

at a scan rate of 0.5 mVs ! between 0.01 and 3 V (vs. Li*/Li), (b) The charge-discharge curves for the

first three cycles between 0.01 V and 3 V vs. Li*/Li at a current density of 0.1 A g, (c) cycling

performance and (c) rate capability.
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Fig. S28. Electrochemical performance of Co30,4-400 sample: (a) CV profiles during the first three cycles
at a scan rate of 0.5 mVs ! between 0.01 and 3 V (vs. Li*/Li), (b) The charge-discharge curves for the
first three cycles between 0.01 V and 3 V vs. Li*/Li at a current density of 0.1 A g, (¢) cycling

performance and (c) rate capability.
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Fig. S29. Electrochemical performance of Co30,4-450 sample: (a) CV profiles during the first three cycles

at a scan rate of 0.5 mVs ! between 0.01 and 3 V (vs. Li*/Li), (b) The charge-discharge curves for the

first three cycles between 0.01 V and 3 V vs. Li*/Li at a current density of 0.1 A g, (c) cycling

performance and (c) rate capability.
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Fig. S30. Electrochemical performance of CoO-550 sample: (a) CV profiles during the first three cycles
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performance and (c) rate capability.

S31



e
=

.
=
-

-0.2

Current (mA)

-0.3

-0.4

-0.5

Co,0 -AP

st

nd

—2
rd

—3

1 1 1 1 I I L

0.0 0.5 Lo LS Z;l] 25 3.0
Voltage (V vs. Na /Na)

o

Voltage (V vs. Na'/Na)

1.5

\\I PP

0 100

200300 400 500 600 700 800
Capacity (mAh g)
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Table S1. Kinetic parameters of Co3;04-350, Co304-AP, and Co;04-CoO cells.

Cells R/Q CPE/F R /Q Z,/Q
C03;04-350 before cycling 1.82 2.87x10 1048 3019
Co03;04-AP before cycling 9.61 8.36x107 2264 17074
C0304-Co0 before cycling 3.89 1.87x107 1235 2709
C03;04-350 after cycling 0.70 1.14x10° 805.9 2666
Co;04-AP after cycling 0.86 1.99x107 1281 4651
C03;04-Co0 after cycling 2.55 1.53x107 1140 2680
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Table S2. CoO layer thickness in the composite samples (Co304-350, C0304-400, and Co3;04-450).
The values in bracket are the weight percent of CoO calculated by the according methods. (*, see
Fig. S14)

C0,04-350 C0,0,-400 C0,04-450

TGA 1.62 nm (6.6%) 3.09 nm (12.9%) 7.91 nm (31.8%)
XRD (absolute intensity ratio) * 0.73 nm (3%) 0.97 nm (4.2%) 7.34 nm (29.8%)
XRD (integral area ratio) * 0.48 nm (2%) 1.38 nm (5.9%) 9.36 nm (36.7%)
HRTEM 1.13 nm 2.05 nm 4.13nm
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Table S3. Performance comparison of some LIB anodes based on typical Co;0; structures.

reversible capacity(cycles) rate capability voltage range Ref
materials

/mA hg! /mA h g! /V, vs. Li*/Li
triple shelled Co;0, hollow microspheres 1615.8 (30) @0.05 A g*! 11173 @2 A g'! 0.05-3.0 1
micron sized Co;0, hollow powders 702 (300) @1 A g! 581 @10 A g! 0.001-3.0 2
Co;0,4 nanotubes 380 (80) @0.05 A g! —_— 0.01-3.0 3
porous Co;0, hollow dodecahedra 780 (100) @0.1 A g! 610 @8.9 A g! 0.01-3.0 4
mesoporous and single-crystal Co;O, arrays ~ 788.7 (25) @1.34 A g! 320 @26.7 A g'! e 5
Co;0, mesoporous nanostructures 889 (80) @0.2 A g! 804 @1 A g 0.01-3.0 6
bacteria directed porous Co;04 903 (20) @0.18 A g'! —_— 0.01-3.0 7
mesoporous quasi-single-crystalline Co;O, 1400 (20) @0.05 A g’! 13334 @09 Ag" 0-3.0 8
nanobelts
Co;0, octahedra 714 (50) @1 A g! 700 @2 A g! 0.01-3.0 9
Co;0, nanocubes 650 (400) @0.5 A g! 610 @2 A g! 0.01-3.0 10
mesoporous Co;0, nanoflowers 980 (30) @0.05 A g! 875 @0.5 A g! 0.01-3.0 11
Micro-/Nanostructured Co;O4 980 (60) @0.1 A g! 130 @10 A g! 0.01-3.0 12
Co;0, nanocages with highly exposed {110} 864 (50) @0.18 A g'! 700 @1.78 A g! e 13
facets 216 @4.45 A g!
Si0,-doped Co;0,4 hollow nanospheres 971 (150) @2 A g! 853 @3 Ag! 0.001-3.0 14
peapod-like Co;O04@CNT arrays 862 (100) @0.1A g! 408 @5 A g! 0-3.0 15
3D Co;0, and CoO@C wall arrays 804 (60) @0.5 A g! 420 @1 A g! 0.01-3.0 16
Co0;0, nanoparticles confined into single- 530 (200) @1 A g’! 425 @5 A g! 0.01-3.0 17
walled carbon nanotube matrix
MWCNTSs/Co;0, derived from MOF 813 (100) @0.1A g! 514@1 Ag! 0.01-3.0 18
atomically thin Co;0, nanosheets/graphene  851.5 (2000) @2 A g’! 5093 @5 Ag! 0.01-3.0 19
composite
Co;04@carbon 1050 (50) @0.89 A g*! 380 @89 A g! 0.01-3.0 20
Carbon-doped Co;0,4 nanocrystals 950 (300) @0.5 A g! 853 @10 A g! 0.01-3.0 21
C03;04/C composite 928 (50) @0.2 A g! 470 @32 A g! 0.01-3.0 22
Co;0,/graphene hybrids 778 (42) @0.2 A g! 600 @1 A g'! 0.001 -3.0 23
Co0;0, nanosheets-3D graphene networks 630 (50) @0.2 A g! 130 @5 A g'! 0.05-3.0 24
Co;04/Nitrogen doped graphene framework 890 (200) @0.1 A g'! 500 @5 A g! 0.01-3.0 25
graphene wrapped TiO,@Co;0, coaxial 437 (200) @0.1 A g'! 204@0.8 A g’! 0.005-3.0 26
nanobelt arrays
C00-Co;0,4 nanoribbon/RGO 994 (200) @0.1 A g'! 450 @5 A g! 0.01-3.0 27
Co;04-AP 705 (50) @0.1 A g! 240 @5 A g! 0.01-3.0 This work
Co0;04-350 1050 (50) @0.1 A g! 808 @5 A g! 0.01-3.0 This work
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Table S4. Performance comparison of some SIB anodes based on typical Co;Oy structures.

reversible capacity(cycles) rate capability voltage range Ref
materials

/mA hg! /mA h g! /V, vs. Li*/Li
Co;0, nanocrystallites 348 (50) @0.1 A g! 160 @4.47 A g'! 0.5-3.0 28
Shale-like Co;0,4 380 (50) @0.05 A g! 1538 @5 A g! 0.005-2.9 29
bowl-like hollow Co;0, microspheres 290 (10) @0.18 A g! —_— 0.01-2.0 30
Co030, anchored carbon nanotubes 403 (100) @0.05 A g 190 @3.2 A g! 0.01-3.0 31
Co0;0, carbon nanofiber mats 400 (700) @0.5 A g! 401 @2 A g! 0.01-3.0 32
Co;04/MCNTs 293 (15) @0.03 A g! —_— 0.005-2.5 33
Mesoporous Co3;04 sheets/3D  graphene  523.5 (50) @0.025 A g'! 823 @0.5A g! 0.01-3.0 34
networks
Monodispersed hierarchical Co;0, 440 (30) @0.16 A g'! 184 @32 A g! 0.05-3.0 35
spheres/CNT
Co;0,4-AP 27 (50) @0.025 A g! 17 @5 A g! 0.01-3.0 This work
C0;0,4-350 81 (50) @0.025 A g'! T3@5Ag! 0.01-3.0 This work
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