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Further Discussion

To elucidate the kinetics difference of redox peaks, the cyclic voltammograms were studied
further (Fig. 5(a-c)). The power—law relationships between peak current and the scan rates were
analyzed based on the following equation:* 2

i =av? (1)

b is positively and correlate to the corresponding Li* diffusion, which can be determined from
the slope of the plot of log i vs. log u. The b-values of the cathodic Peak 1 (high-order LiPSs to Li;Sa)
and Peak 2 (Li,S deposition) were calculated and listed in Figure S11. Along with the increasing of
sulfur vacancies, it can be seen that the b-values were 0.53, 0.58, and 0.60 at Peakl for CMG-L,
CMG-M, and CMG-H, respectively. This is consistent with the abundant active sites of CMG-H,
which will easily covert element sulfur to Li;S4. Besides, CMG-H exhibited the highest b-values at
Peak 2, implying that the Li,S can effectively and uniformly deposit via Route II. The liquid-phase
LiS3 will convert to the rapidly liquid-phase Li,Ss, subsequently rapidly transforming the solid-
phase LixS; and LixS via the reduction reaction.

For confirming the improvement of the redox kinetics, the Li* ion diffusion properties were
evaluated by Randles—Sevcik equation:

ip = (2.69 x 10%)n'54 D)3 vO5 C (2)
where i, isthe peak currentdensity, nis the charge transfer number, A is the area of electrode.

D(L)ﬁ is the Li* ion diffusion coefficient, -5

is the scan rate, and Cy;+ is the concentration of Li*
ions in the cathode. Therefore, the value of i,/ v%5 can represent the Li* diffusion rate because
n, A, and Cp;+ are unchanged. Li* ion diffusion coefficient was determined by both the
conductibility and reaction kinetics with S-species.3 As shown in Figure S12, CMG-H exhibits
highest i,/ v%5 in both the conversion of Peak 1 and Peak 2. The reaction kinetics were
accelerated for the conversions of Peak 1 and Peak 2, especially Li,S deposition. It was also verified
that the solid-phase Li,S were uniformly deposited from Figure S12, attributing to the faster Li* ion
diffusion. Thus, with the increase of sulfur vacancies, active LiS; will rapidly convert to Li,Ss,

following transform to solid-phase Li,S; and Li,S. High Li* conductibility and fastest reaction

kinetics endow the CMG-H the best battery performance.
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Figure S1. XRD spectrum of CMG-L.
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Figure S2. XPS spectrum of the CMG-L and MoS,-rGO.



Figure S3. The SEM images of (a) CMG-L (b) CMG-M and (c) CMG-H.
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Figure S4. The N, adoption-desorption isotherms (a) and pore distribution (b) of CMG-L, CMG-M

and CMG-H.
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Figure S5. The expanded view of XRD patterns in 26 regions of CMG-L, CMG-M and CMG-H.
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Figure S6. (a) TEM images and (b) elemental mappings images of CMG-H.
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Figure S7. XRD patterns (a) and TG curves (b) of S@CMG-L, S@CMG-M and S@CMG-H.
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Figure S8. The specific conductivity of CMG materials with different sulfur vacancy.
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Figure S9. Electrochemical impedance spectra of the coin cells after activation by the galvanostatic

charge-discharge test at 0.2 C.



The electron transfer ratio (high-order LiPSs conversions and Li,S deposition) calculation

The NTR can be calculated via CV curves. Firstly, we should define the baseline for cathodic
peaks of CV curves. Then, the integral area (A;) of cathodic peaks (peak 2 and peak 1) can
be calculated via integration between Peak line and baseline. Moreover, the amount of
electron transfer per gram (C,) was achieved via A; (A-V) divided by scan rate (v, V-s?),
excluding the scan rate influence. Finally, the NTR can be calculated, which reveals the

relationship between the high-order LiPSs conversions and Li,S deposition.
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Figure S10. The calculation of integration areas on cathodic peaks.
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Figure S11. Plots of log(current) vs. log(scan rate) in Peak 1, Peak 2 for (a) CMG-L, (b) CMG-M., (c)

CMG-H; (d) the b values of CMG-L, CMG-M and CMG-H in Peak 1, Peak 2.
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Figure S12. Plots of CV peak current density vs the square root of the scan rates for (a) Peak 1 and

(b) Peak 2; (c) the slopes (i,,/ v%5) values of CMG-L, CMG-M and CMG-H.
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Figure S13. The potential response curves of the three electrodes during GITT measurement.



Table S1. The variety of sulfur defect concentration analyzed by XPS.

Sample Co-Mo-S (atom ratio) Co9Ss/MoS;(stoichiometric ratio) Sulfur loss ratio
CMG-L 0.79-1.09-2.9 COo,7950,70/M01A0952,13 0.12
CMG-M 0.52-0.99-2.35 C00,5250,45/M00,9951,98 -0.09

CMG-H 0.51-0.86-1.66 C00,51So,45/M00A8651,72 -0.51




Table S2. The equivalent circuit and fitting resistance of symmetric batteries.

Full cell Re Rsei Ret Equivalent circuit
CMG-L 13.19 40.54 61.02

R. Rsel Ret
CMG-M 7.43 36.65 41.09 —/\/‘—m:—m:
CMG-H 15.59 27.58 30.16




Table S3. The absolute values of the integration areas (peak 2 and peak 1) and NTR with different scan rates.

Sample Scan rates Peakl Peak2 NTR (peak2 vs. peakl)
(mV/s) (A-V-g?) (A-V-g?)

CMG-L 0.05 0.02256 0.06246 2.78
0.1 0.05401 0.14182 2.63
0.2 0.07913 0.19634 2.48
0.4 0.12915 0.31063 2.40

CMG-M 0.05 0.02724 0.07996 2.93
0.1 0.04566 0.12438 2.72
0.2 0.08488 0.21956 2.58
0.4 0.15109 0.37987 2.51

CMG-H 0.05 0.03631 0.10746 2.96
0.1 0.06338 0.18696 2.95
0.2 0.11984 0.34812 291
0.4 0.20008 0.57968 2.90
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