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Table S1 Elemental compositions of CoySg/CNT treated at different temperature in hydrogen.

precusor 500 °C 700 °C 900 °C

Co (%) 52.89 55.84 60.11 66.16

S (%) 47.11 44.16 39.89 33.84




Figure S1. TEM image of CoySg/CNT composite heat-treated at 900 °C in hydrogen.



Figure S2. (a) FESEM and (b-c) TEM images of the Co¢Ss/CNT prepared by heating
CoySg/CNT composite at 700 °C in hydrogen.
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Figure S3. XRD pattern of the CoySg/CNT treated at 500 °C in nitrogen and at 700 °C in

hydrogen atmosphere.
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Reaction on working electrode: S¢> + 10e” + 12Li* — 6Li,S
Reaction on counter electrode: 4S. — 8e” — 3S;

Peak b

Reaction on working electrode: 6Li,S — 10e” — S, + 12Li*

Reaction on counter electrode: 3Sg+ 8¢ — 4S.*

Peak ¢

Reaction on working electrode: 48> — 8¢ — 3Sg
Reaction on counter electrode: Sg2 + 10e” + 12Li" — 6Li,S

Peak d

Reaction on working electrode: 3Sg + 8¢ — 4S4*
Reaction on counter electrode: 6Li,S — 10e" — S + 12Li*

Figure S4. (a) Schematic of a symmetric cell, (b) cyclic voltammograms of the symmetric cell

with a CogSg ./CNT catalyst and (c) illustration of the electrode reactions for the redox peaks.
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Figure S5. Characterization of the Co¢Sg./CNT interlayer on the sulfur cathode. (a) Photograph
and (b-d) FESEM images of the sulfur cathode with CoySg./CNT interlayer.
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Figure S6. (a) Schematic of the in-situ UV-vis spectroscopy measurement setup and (b) a digital

photo of the setup.



Figure S7. TEM images of CNT heated at 700 °C in hydrogen.

The 1D nanostructure entanglement not only inhibited the aggregation of Co¢Sg, but also

increased the polysulfide encounter and the capture efficiency.
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Figure S8. N, adsorption and desorption isotherms of (a) Co¢Sg.x and (b) CoySg_./CNT.

The surface areas of CoySg., and CogSg./CNT are 18.94 m?/g and 100.91 m?/g respectively. The
larger surface area of the latter may be attributed to the high surface area of CNT; and the CNT
as the catalyst support to sustain a high dispersion of Co¢Sg nanoparticles without much
aggregation (see TEM images in Figure 2b). The large surface area and better contact with

polysulfides are conducive to the polysulfide conversion reactions.
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Figure S9. Evaluation of the polysulfide conversion kinetics on samples prepared at different
temperatures. (a) Current time responses from potentiostatic discharge from the open circuit

condition (2.2 V) to 2 V and (b) Current-time responses from potentiostatic recharge to 2.4 V.

The electrochemical properties of samples prepared at different temperatures can be deduced
from their reaction kinetics with sulfur (or Li,S). Potentiostatic discharge and recharge were used
to evaluate the polysulfide conversion kinetics. The results are given in Figure S9 below. The
current in potentiostatic discharge was contributed by the deposition of Li,S on the catalyst
(Figure S9a), while the current in potentiostatic charge was contributed by the deposition of
sulfur on the catalyst (Figure S9b). Higher currents were measured from the CogSg /CNT (700
°C) sample in both potentiostatic discharge and charge; indicating accelerated deposition kinetics
of Li,S and sulfur. The measurements confirmed the catalytic effects of sulfur deficiencies on
both polysulfide reduction and oxidation reactions. Although Co¢Sg/CNT (900 °C) had more
sulfur deficiencies on the surface, the high temperature treatment also caused more extensive

particle aggregation to result in an overall poor electrochemical performance. Hence, the CoySg.
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JCNT (700 °C) sample with the next highest sulfur deficiency content was selected for detailed

follow-up investigations.
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Figure S10. Cyclic voltammograms of the lithium-catalyst cells without polysulfide in the

electrolyte at 0.1 mV s in 1.7 V-2.6 V.

No peaks appeared in the cyclic voltammograms of lithium-catalyst cells without the polysulfide,

indicating that CogSg.« and CNT did not contribute to the redox reactions in Figure 3e.
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Figure S11. Cyclic voltammograms of symmetric cells without polysulfide in the electrolyte.

No peaks appeared in the cyclic voltammograms of symmetric cells without the polysulfide,

indicating that the Co¢Sg_, and CNT did not contribute to the redox reactions in Figure 4a.
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Figure S12. Adsorption uptake of Li,S¢ solution (2.5 mmol L! in 1:1 (v/v) DME/DOL) by the
same amount of CogSg/CNT and Co¢Sg_/CNT.

Both composites were equally adept at polysulfide uptake (Figure S12). However, the sulfur
cathode with sulfur-deficient CogSg./CNT delivered notably better performance in symmetric
cells. Adsorption is the first step in overall catalysis; and the performance difference between
CoySg/CNT and sulfur-deficient CogSg/CNT could only be caused by post-adsorption reaction

steps.
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Figure S13. Galvanostatic charge-discharge curves of a lithium-sulfur battery with a CNT

interlayer at 0.3 C for 100 cycles.

There were no redox features at ~1.9 V during discharge and at ~2.2 V during recharge,

indicating that the redox features were only accessible in the presence of the CogSg.« catalyst.
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Figure S14. Galvanostatic charge-discharge curves of the lithium-sulfur battery with and without

a CoySg/CNT interlayer at 0.1 C.

The discharge plateaus at about 2.3 V and 2.0 V are typical of sulfur reduction to soluble long-
chain polysulfides (Li,Sy, 4<x<8), and the formation of insoluble end products (Li,S,/Li,S)
respectively. The two plateaus in the charge curve at about 2.3 V and 2.4 V are reverse of these
reactions which converted Li,S,/Li,S to sulfur. There is clearly less potential hysteresis in the

sulfur cathode with an integrated CosSg /CNT interlayer.
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Figure S15. Electrochemical performances of lithium-sulfur batteries with a CoySg/CNT
catalytic interlayer. (a) Rate performance at different C-rates. Cycle stability (b) at the 2C rate
and (c) with high sulfur-loading cathode at the 0.3C rate.

At the 0.2C rate, the initial discharge capacity of a sulfur cathode with the CoSg /CNT catalytic
interlayer was 1308.9 mAh g, slightly higher than that of a sulfur cathode with the CNT
interlayer (1274.9 mAh g!, Figure S15a). The capacity difference increased noticeably at higher
C-rates. Consequently, a sulfur cathode with the Co¢Sg.,/CNT catalytic interlayer could deliver a

much higher capacity (849.7 mAh g!) than a sulfur cathode with only a CNT interlayer (204.3
mAh g1).
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The cycle stability of a Li-S cell with the CoySg_,/CNT catalytic interlayer at the 2C rate is shown
in Figure S15b. Cycle stability remained good even at this ten-fold increase in the C-rate (from
0.2C) - the Li-S cell could still provide 742.3 mAh g-! of capacity after 100 cycles (80.4% initial

capacity retention).

The Li-S cell with a high sulfur-loading cathode (4.3 mg cm?) and the CoySg.,/CNT catalytic
interlayer could also deliver 969.5 mAh g! after 100 cycles at the 0.3C rate (83.8% of initial

capacity retention, Figure S15¢).

Figure S16. Photograph of the cell with sulfur cathode coated with CNT interlayer before and

after test.

The CNT interlayer was unable to inhibit the diffusion of polysulfides from the cathode after the

cell was discharged potentiostatically to 1.7 V for 12 min.
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Figure S17. TEM image of the Co¢Sg.,/CNT in the cathode interlayer after 20 cycles.
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Table S2 Comparison of the CoySg/CNT interlayer with other lithium-sulfur battery interlayer

in the literature.

. . Cathode
Su}fur cathode Initial capacity Cycling Capacity (Sulfur Reference
interlayer performance fade rate
wt%)
Ti5C,
-1
TixC, Mxene | 899 mAhg! | *288mANET (o0 por | Mxene
after 200 nanoribbon/ 1
nanosheets (0.50C) cycle
cycles Sulfur
(47.6%)
1
nanocrystalline 1082 mAh g'! 87;121’[2??51 Og 0.13% per sulfur )
niobium carbide (0.50C) cycles cycle (60%)
boron nitride |y A g | 7O0MARET G a0 T
nanosheets/ (10) after 1000 e'r cvele (70%) 3
graphene cycles perey °
ultrathin 1
MnO,/graphene | 960 mAh g! 22;;“2*?0% 0.029% | Sulfur/CNT .
/carbon (10) cycles per cycle | (60%-80%)
nanotube
ultralight
multiwall 650.7 mAh o-!
carbon 1330.8 mAh g! atior 5 oog 0.102% sulfur 5
- 0
gggg;tiulaaer/bljn (0.50) cycles per cycle (54%)
quantum dot
]
WS,/carbon 1493.7 mAh g’! 122;,[;1?(1)10‘% 0.19% per sulfur 6
cloth (0.05C) cycles cycle (70%)
laponite 1199.5 mAh g | S38MARET g 060 per | sulfur
nanosheets/carb ('0 20) after 500 ' cvele (70%) 7
on black ) cycles Y °
]
Zn0 | g125mAhgt | O/ IMARET 6 03800 | sulfurMwW
nanowires/Ni 2C) after 500 per cycle | CNT (70%) 8
foam cycles °
648.5 mAh g!
-1 0
CoySyJONT | 12729 mAhg™ | g rto00 | 0:049% 1 sulfur ook
(030 eycles per cycle (70%)
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