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Calculations

Energy and Power Density Calculations

Energy density (Wh kg™!), E = Ceoy x AV (D

where C, is the discharge capacity of the cell and V is the testing voltage windows.
Power density (W kg™'), P = E/1000 x At 2

where E is the energy density and t is the time required for discharging.

DFT Calculations

All the calculations were performed based on spin-polarized periodic density functional
theory (DFT) implemented in Gaussian 09W.! The calculation basis set was B3LYP and
the total energy convergence was set to be lower than 10-> eV, and the force convergence
was set to be smaller than 0.02 eV/A. The potential of all the calculations were set to 0 V.
The Gibbs free energy change (AG) of each reaction step is calculated as:

AG = Eioyv) — E tot(a) T AEzpg -TAS

where Eiv) 1s the energy of the given unit cell with intermediate of the latter state, Eiqa) 1S
the energy of the intermediate of the previous state, AEpg is the difference corresponding
to the zero point energy change between the intermediates of the previous state and the
latter state, AS is entropy change between the intermediates of the previous state and the

latter state, T represents the temperature applied for lithium storage performance.
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Figure S1. SEM images of (a) pristine CC and (b) CC@Ni(OH)-H,O. (c) Magnified SEM image

of CC@Ni(OH)-H,0. (d) XRD spectra of CC@Ni(OH)-H,0.
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Figure S2. (a) XRD spectra of CC@Ni. (b and ¢) SEM images of CC@N:i.
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Carbon Cloth Core

Figure S3. TEM image of CC@EC showing the CC core and EC shell.
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Figure S4. (a) XRD spectra of CC and CC@EC substrate. (b) digital image of CC@EC showing

its flexibility.
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Figure S5. Low magnification SEM images showing the side view of the (a) CC and (b) CC@EC.
Magnified SEM images showing the thickness of the (¢) CC and (d) CC@EC. Mass of (e) CC

before post-treatment reactions and (f) CC@EC.



Figure S7. SEM images showing of CC@NCO.
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Figure S8. TEM characterization and EDX elemental mapping of NCO nanowire.
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Figure S9. (a) XPS survey spectra of CC@NCO and CC@EC@NCO. Gauss (b) C Is and (c) N
Is XPS spectra of CC@NCO and CC@EC@NCO. (d) Charge density distributions of C on

CC@NCO and CC@EC@NCO.
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Figure S10. (a) Raman spectra of CC@NCO and CC@EC@NCO showing the D:G.
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Figure S11. Simplified and optimized NCO cluster for DFT calculations.
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Figure S12. Simplified and optimized (a) CC and (b) CC@NCO clusters for DFT calculations.
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Figure S13. Simplified and optimized (a) CC@EC and (b) CC@EC@NCO clusters for DFT

calculations.
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Figure S14. Enlarged snapshot of covalent bonds between O (functional group of ECC) and Co

(from NCO).

Figure S15. (a) 15t discharge-charge profile CC@EC@NCO and CC@NCO electrodes.
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Figure S16. (a) 1% and (b) 3" CV curves of CC@EC and (b) CC@EC@NCO electrodes.
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Figure S17. Nyquist plot of CC@EC@NCO electrode before and after rate performance.
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Figure S18. Lithium storage performance of CC and CC@EC anodes.
Capacity Contribution of the Carbon Cloth

Firstly, according to Figure 3d, the capacity contribution of the CC@EC to the CC@EC@NCO
electrode during the 1%t discharge cycle is 1.54 mAh cm, while that of CC@NC is 1.32 mAh cm™2.
After the 2" cycle, capacity contribution of 1.48 mAh ¢cm? was achieved by the CDS electrode
and that of CC@NCO could only reach 1.07 mAh cm (Figure 3e).

The capacity contribution from the carbon cloth substrate is quite less compare to the total
capacity of the electrode. We can calculate the capacity contribution of the carbon cloth based on
the calculation below:

CC@EC@NCO
The total mass of the electrode (1.0 cm?) is around 14.5 mg (~4 mg NCO, 10.5 mg CC@EC). The
electrode has a capacity of ~4.49 mAh cm at 0.3 mA cm™2.
According to Figure S17, the capacity of 1.0 cm*> CC@ECC electrode is 2.27 mAh cm™2.

Therefore, the capacity percentage of the CC@EC: 2.27/4.49 = 51%.
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The total capacity of based on the NCO anode is estimated: 1122.5 mAh g

Hence, the CC@EC contribution can be estimated: 51% of 1122.5 mAh g''=572.5 mAh g'!
CC@NCO

The total mass of the electrode (1.0 cm?) is around 16.5 mg (~4 mg NCO, 12.5 mg CC).

The electrode has a capacity of ~2.59 mAh cm at 0.3 mA cm™.

According to Figure S17, the capacity of 1.0 cm?> CC@ECC electrode is 0.93 mAh cm™.

Therefore, the capacity percentage of the carbon cloth: 0.93/2.59 = 36%.

The total capacity of based on the NCO anode is estimated: 647.5 mAh g!.

Hence, the CC contribution can be estimated: 36% of 647.5 mAh g!=233.1 mAh g!
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Figure S19. Simplified and optimized of NCO clusters during the first discharge cycle for DFT

calculations.
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Figure S20. Digital image of the in sifu Raman set-up.
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Figure S21. (a) SEM image of the point where Raman spectra were collected for CC@NCO cell.
(b) In situ Raman spectra of CC@NCO at different intercalated voltages. (i) Plot of the Ip/I; vs.

intercalated voltages for CC@NCO.
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Figure S22. (a) Side-view SEM image of the CC@EC@NCO//CC@EC@LNCMO AFLIB.
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Commercial LiNiCoMnQO, (LNCMO) Cathode

For the cathode material, the electrode was fabricated by mixing the LNCMO powder and PVDF
binder at weight ratios of 90:10. The slurry was then casted on the CC and CC@EC substrate,
transferred to a vacuum oven and dried at 110 °C overnight. Half cells were also assembled in a
coin cell using 1 M LiPFg in ethylene carbonate (EC) and diethyl carbonate (DEC) [(1:1)] solution
as the electrolyte, Celgard 2400 was used as the separator and Li foil as both counter and reference
electrodes. The galvanostatic charge/discharge tests were carried out between 2.0-4.5 V for

cathode on a Neware Battery Testing System (Shenzhen, China).
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Figure S23. (a) SEM image and (b) magnified SEM image of CC@EC@LNCMO cathode. (c)

XRD spectra of CC@EC@LNCMO cathode.
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Commercial LiNiCoMnO, (LNCMO) was used as the cathode material due to their high
voltage that could be beneficial in achieving high voltage lithium ion battery device. XRD pattern
in Figure S23a confirm the LiNiCoMnO, phase of the cathode material. SEM images in Figure
S23b shows the nanoballs morphology of the cathode. It can be seen from the enlarge SEM image

in Figure S23c that the cube-like structure made up the nanoballs morphology.
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Figure S24. (a) 1%t and 10" charge/discharge profile of CC@LNCMO. (b) 1t and 10®
charge/discharge profile of CC@EC@LNCMO. (c) Cyclic performance of CC@LNCMO and

CC@EC@LNCMO.

To study the electrochemical properties of the cathode, LNCMO was coated on CC and

CC@EC to form CC@LNCMO and CC@EC@LNCMO electrodes, respectively. The 1%
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discharge cycle of CC@LNCMO is 265 mAh g (Figure S24a), which is nearly the same with that
of CC@EC@LNCMO at 275 mAh g'! (Figure S24b). CC@LNCMO electrode have loss much of
its capacity retaining 55% of its initial capacity after 10 cycles (Figures S24c). However,
CC@EC@LNCMO electrode retained 90% of its initial capacity after 10 cycles (Figures S24c).
The excellent performance of CC@EC@LNCMO electrode is also attributed to CC@EC substrate
that allows ions and electrons to be easily transported owing to the porous N-doped surface of

CC@EC. Similar results have been reported in our previous work. 2
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Figure S25. (a) 1% charge/discharge profile of CC@EC@NCO/CC@EC@LNCMO AFLIB
based on mA h. (b) charge/discharge profile of CC@EC@NCO//CC@EC@LNCMO AFLIB after

0, 100 and 200 folding.
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Table S1. A table showing the data in achieving the energy and power densities.

Discharge Capacity Current Density Energy Density Power Density
(mAh g (mA g (Whkg) (W kg

157 18 314 36

140 18 280 36

91.75 36 184 71

66.106 53 130 106

46.143 71 91 133

14.703 107 39 205

Figure S26. SEM images of CC@EC@NCO after 800 cycles.
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