Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2018

Supporting Information for

Uniqueness of Co3;04/Nitrogen-Doped Carbon Nano-spheres Derived
from Metal-Organic-Framework: Insight of Superior Lithium Storage
Capabilities Beyond Theoretical and Electrochemical Features in High

Voltage Battery

Hongjin Xue', Zhaolin Na#, Yingqiang Wu*Y, Xuxu Wang'*, Qian Lif%, Fei Liang’, Dongming

Yinf, Limin Wang®, Jun Ming**

T State Key Laboratory of Rare Earth Resource Ultilization, Changchun Institute of Applied

Chemistry, CAS, Changchun, 130022, P. R. China;
t University of Science and Technology of China, Hefei, P. R. China;

¥King Abdullah University of Science and Technology (KAUST), Physical Sciences and

Engineering Division (PSE), Thuwal, 23955-6900, Kingdom of Saudi Arabia;
# These authors contribute equally.

*To whom  correspondence should be  addressed: yinggiang.wu@kaust.edu.sa;

Jun.ming(@ciac.ac.cn;



mailto:yingqiang.wu@kaust.edu.sa
mailto:ming@ciac.ac.cn

Figure S1 | Morphology and structural variation. SEM images of (a) Zn3[Co(CN)g],-nH,0
precursor, (b) Co/N-C intermediate, (c) Co3;04/N-C and (d) derivate of Co;04 nano-spheres with

low magnification.
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Figure S2 | Characterizations of composite materials. (a) XPS survey spectrum of Co;04/N-
C. High resolution XPS spectra of (b) O 1s and (c) C 1s of the Co;04/N-C hybrid nanospheres.
(d) Raman spectra of Co304 and Co03;04/N-C hybrid nanospheres. The O 1s XPS spectrum
comprise three peaks at 532.9 eV (C-OH), 531.6 eV (0O-C), 530.2 eV (O=C-OH) and 529.1 eV
(Co-0), demonstrating the existence of elemental oxygen. In C 1s spectrum, the prominent peak
located at 284.4 eV was assigned to C-C, while the peaks centered at the higher binding energies
of 285.1, 286.2 and 288.5 eV were attributed to C-N, C-O, and O-C=0. A small peak at above
291.8 eV can be assigned to p—p* shake-up satellites of sp? graphite-like carbon, which is
consistence with the results observed in HRTEM. All information confirm that the composite has

the chemical compositions of Co3;04/N-C.



Voltage (V)

0O 200 400 600 800 1000
Specific Capacity (mAh g)

b 30] —100mAg"

251\ — 200 mAg’
SPT \\ 500 mAg’
S 15- \ 1000 mA g’

o ky \ -1

N — 2000 mAg
S 1.0 2 \
> Y

05- /

0.0-

0 200 400 600 800 1000 1200 1400
Specific Capacity (mAh g”)

Figure S3 | Electrochemical performances. Typical voltage vs. capacity profiles of Co;04/N-C

in the (a) cycle and (b) rate capability test.
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Figure S4 | Lithium diffusion constant. Comparative lithium diffusion coefficients of

Co304/N-C, Co304 NPs and other kind of transitional metal oxides reported before.
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Figure S5 | Electrochemical impedance spectroscopy. Nyquist plots of (a) Co3;04/N-C and (b)

pure Cos;0, electrodes.
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Figure S6 | Electrochemical analysis. (a) Cyclic voltammetry of pure Co;04 with the capacitive

contribution at a scan rate of 0.5 mV s! and (b) Normalized contribution ratio of capacitive
capacities of Co;04 and Co;04/N-C at different scan rates.



