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Figure S1. UV/vis spectra of the electrolytes (diluted in 1,2-Dimethoxyethane (DME)) after an initial
charge at 10 mA g™ in graphite Il sulfur (WE Il CE, yellow) and graphite Il Li metal (WE Il CE, black)
Swagelok T-cells (three-electrode configuration, half-cell setup) with 1 M LiTFSI in Pyr14TFSI (Li-Pyr)
electrolyte and a Li metal (Li|Li*) RE at 20 °C. The cut-off potentials (WE) were set to 5.0 V vs. Li|Li*.
The graphite Il sulfur cell did not reach the cut-off potential and was stopped after a time restriction of
10 hours. The adsorption maxima of the UV/vis spectra and the assigned PSs (Ss, Se2~ and S42°) are
indicated based on Bieker et al.[1].
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Figure S2. Specific differential capacity vs. potential plots of a) the 50t cycle at 100 mA g~' and b) the
3 cycle at 10 mA g' of graphite Il sulfur (WE Il CE) and graphite II AC (WE Il CE; black, data taken from
ref. [2], published under the terms of a CC BY 4.0 license, https://creativecommons.org/licenses/by/4.0/)
Swagelok T-cells (three-electrode configuration, half-cell setup) with 1 M LiTFSI in Pyri4TFSI (Li-Pyr)
electrolyte and a Li metal (Li|Li*) RE at 20 °C and cut-off potentials of 3.4 and 4.9 V vs. Li|Li* for the

graphite WE and additional limits of 1.5 and 3.0 V vs. Li|Li* for the sulfur CE (only for the graphite Il sulfur
cells).



a) Pristine graphite electrode (WE)

b) Pristine sulfur electrode (CE)

Figure S3. SEM images of a) a pristine graphite WE (5000x magnification), b) a pristine sulfur CE (1000x
magnification) and c) a CE after three full cycles (3.4 to 4.9 V vs. Li[Li*) and one charge to 4.9 V vs.
LilLi* at 10 mA g~' in graphite Il sulfur (WE | CE) Swagelok T-cells (three-electrode configuration, half-
cell setup) with 1 M LiTFSI in Pyr14TFSI (Li-Pyr) electrolyte and a Li metal (Li|Li*) RE at 20 °C (1000x
maghnification). The potential of the CE in the graphite Il sulfur cells was additionally limited to 1.5 and
3.0 V vs. LilLi*.
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Figure S4. a) Cess and SDCs of graphite Il sulfur (WE Il CE) Swagelok-type cells (three-electrode
configuration, half-cell setup) with 1 M LiTFSI in Pyr14TFSI (Li-Pyr) electrolyte and a Li metal (Li|Li*) RE
at 20 °C, 100 mA g~' (10 mA g' in the 1st cycle) and cut-off potentials of 3.4 and 4.9 V vs. Li|Li* for the
WE and additional limits of 1.5 and 3.0 V vs. Li|Li* for the CE (red) or without additional limits for the CE
(blue). b) The corresponding potential profiles of the WE (graphite, black) and CE (sulfur, red) of the
graphite Il sulfur cell with not potential limited CE at the 1st, 2", 50t and 100t cycle. The Cess of the first
cycle (CE with potential limits: 41 £ 2%; CE without potential limits: 38 + 2%) are not shown.
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Figure S5. Cers and SDCs of graphite Il sulfur (P I N) coin cells (two-electrode configuration) with
1 M LiTFSI in Pyr14TFSI (Li-Pyr) electrolyte at 100 mA g~' and cut-off potentials of 1 and 2.8 V. b) The
corresponding voltage profiles at the 1st, 2", 10t and 100t cycle.
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Figure S6. a) Cerrs and SDCs of graphite Il sulfur (WE Il CE; red and blue) and graphite I AC (WE Il CE;
black, data taken from ref. [2], published under the terms of a CC BY 4.0 license,
https://creativecommons.org/licenses/by/4.0/) Swagelok-type cells (three-electrode configuration, half-
cell setup) with 1 M LiTFSI in Pyr14TFSI (Li-Pyr) electrolyte and a Li metal (Li|Li*) RE at various specific
currents. The cut-off potentials at all currents were fixed to 3.4 and 4.9V vs. Li|Li* for the WE with
additional limits of 1.5 and 3.0 V vs. Li|Li* for the CE (only red). b) The corresponding potential profiles
of the WE (graphite) and CE (sulfur) of the graphite Il sulfur cell without limits for the CE (blue in a)) at
10, 100 and 1000 mA g™*.
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Figure S7. WE potential profile of graphite Il sulfur (WE Il CE) cells with 7 mol kg~ LiTFSI in DME at
100 mA g~' and 20 °C (15t cycle).
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Figure S8. a) Cers and SDCs of graphite Il sulfur (WE Il CE; red) and graphite | AC (WE Il CE; black,
data taken from ref. [2], published wunder the terms of a CC BY 4.0 Ilicense,
https://creativecommons.org/licenses/by/4.0/) Swagelok-type cells (three-electrode configuration, half-
cell setup) with 0.5 M Mg(TFSI)2 in Pyri4TFSI (Mg-Pyr) electrolyte and a Li metal (Li|Li*) gRE at 20 °C,
100 mA g™' (10 mA g~" in the 15t cycle) and cut-off potentials of 3.4 and 5.0 V vs. Li|Li* for the WE and
additional limits of 1.6 and 3.1V vs. Li|Li* for the CE (only for the graphite Il sulfur cells). b) The
corresponding potential profiles of the WE (graphite, black) and CE (sulfur, red) at the 1st, 2nd, 50" and
100" cycle. The Cess of the first cycle (CE = AC: 74 + 1%[2]; CE = sulfur: 15.2 + 0.1%) are not shown.
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a) WE cycled in a graphite Il sulfur cell b) WE cycled in a graphite Il AC cell

Figure S9. SEM images of graphite a) and b) WEs (5000x magnification) and c) a CE after three full
cycles (3.4t0 4.9 V vs. Li|Li*) and one charge to 4.9 V vs. Li|Li* at 10 mA g~'in a) and c) graphite Il sulfur
(WE Il CE) and b) graphite Il AC (WE Il CE) Swagelok-type cells (three-electrode configuration, half-cell
setup) with 1 M LiTFSI in Pyr14TFSI (Li-Pyr) electrolyte and a Li metal (Li|Li*) RE at 20 °C. The potential
of the CE in the graphite Il sulfur cells was additionally limited to 1.6 and 3.1 V vs. Li|Li*. The SEM image
of pristine graphite and sulfur electrodes is given in Figure S2a and b.
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Figure S10. Cers and SDCs of graphite Il sulfur (P I N) coin cells (two-electrode configuration) with
0.5 M Mg(TFSI)2 in Pyr14TFSI (Mg-Pyr) electrolyte at 100 mA g=' and cut-off potentials of 1 and 2.8 V.
b) The corresponding voltage profiles at the 1st, 2", 10t and 100" cycle.



Table S1. The element amounts (C, O, F, S) in atomic % (at. %) and the F:S ratio determined by EDX
spectroscopy of the WEs and CEs in the pristine state after three full cycles (3.4 to 4.9 V vs. Li|Li*) and
one charge to 4.9 V vs. Li|Li* at 10 mA g~' in graphite Il sulfur (WE | CE) and graphite | AC (WE Il CE)
Swagelok-type cells (three-electrode configuration, half-cell setup) with 1 M LiTFSI in Pyr14TFSI (Li-Pyr)
electrolyte and a Li metal (Li|Li*) RE. The potential of the CE in the graphite Il sulfur cells was additionally
limited to 1.5 and 3.0 V vs. Li|Li*. The amounts of further elements (Al, Na, Co, W) contained in the
inactive materials (current collector, binder and conductive carbons) are not displayed.

WE Clat. % O/at. % F/at. % S/at. % F:S ratio
Pristine grapite

96.6 + 0.3 26+0.6 - - -
electrode
graphite Il sulfur 95.0+0.1 22+0.2 1.8+0.2 1.0 £0.1 1.8:1
graphite I AC 92+2 29+0.8 4+1 1.1+£0.2 3.5:1
CE C/lat. % O/at. % F/at. % S/at. % F:S ratio
Pristine sulfur

854+04 5+2 - 8+3 -
electrode
graphite Il sulfur 87+4 512 3+3 4+1 <11

Table S2. The element amounts (C, O, F, S) in atomic % (at. %) and the F:S ratio determined by EDX
spectroscopy of the WEs and CEs in the pristine state after three full cycles (3.4 to 5.0 V vs. Li|Li*) and
one charge to 5.0 V vs. Li|Li* at 10 mA g~' in graphite Il sulfur (WE | CE) and graphite | AC (WE Il CE)
Swagelok-type cells (three-electrode configuration, half-cell setup) with 0.5 M Mg(TFSI)2 in Pyr14TFSI
(Mg-Pyr) electrolyte and a Li metal (Li|Li*) RE. The potential of the CE in the graphite Il sulfur cells was
additionally limited to 1.6 and 3.1 V vs. Li|Li*. The amounts of further elements (Al, Na, Co, W) contained
in the inactive materials (current collector, binder and conductive carbons) are not displayed.

WE Clat. % O/at. % F/at. % S/at. % F:S ratio
Pristine grapite 96.6 £ 0.3 26+0.6 - - -
graphite Il sulfur 95.1+0.9 19+04 1.7+04 1.3+0.1 1.4:1
graphite Il AC 92+2 3.0+£0.8 4009 1.1+0.2 3.7:1
CE Clat. % O/at. % F/at. % S/at. % F:S ratio
Pristine sulfur

854+04 5+2 - 8+3 -
electrode
graphite Il sulfur 85.6+0.6 612 29+0.8 3.0+£0.1 <11




Table S3. SDCs and Cexs of the 1st, 2nd, 10th, 501, and 100t cycle of graphite | AC (WE Il CE; black,
data taken from ref. [2], published under the terms of a CC BY 4.0 Ilicense,
https://creativecommons.org/licenses/by/4.0/) and graphite Il sulfur (WE Il CE) Swagelok-type cells
(three-electrode configuration, half-cell setup) with 1 M LiTFSI (Li-Pyr) and 0.5 M Mg(TFSI)2 (Mg-Pyr) in
Pyri4TFSI, and a Li metal (Li|Li*) quasi reference electrode. The cells were cycled at 20 °C (unless
stated otherwise), 100 mA g=' (10 mA g~' in the 15t cycle) and cut-off potentials of 3.4 and 4.9 V (Li-Pyr)
or 5.0 V (Mg-Pyr) vs. Li|Li* for the WE and additional limits of 1.5 to 3.0 V (Li-Pyr), respectively 1.6 to
3.1 V vs. LilLi* (Mg-Pyr) for the CE (only for selected graphite Il sulfur cells).

Graphite Il sulfur, Li-Pyr | Graphite Il sulfur, Li-Pyr
graphite Il AC, Li-Pyr[2] WE:CE = 1:6, WE:CE = 1:6,

CE = no potential limits CE = potential limits
1st cycle 32+1 64 +2 28+2 38 +2 262 41+2
2nd cycle 313 95.6+0.4 306 86 +2 28+6 86 2
10" cycle 35+4 98.2+0.5 3517 92.0+0.7 3318 92+2
50t cycle 374 99.1+0.3 395 95.0+0.6 375 95.1+0.7
100" cycle 36+3 99.3+0.2 387 95.9+0.3 333 95.8+0.7

graphite Il sulfur, Li-Pyr
WE:CE =1:6,
CE = potential limits,
60 °C
':AD::_C Cert ! %
1st cycle 05+0.2 05+0.2
2nd cycle 41+20 27 +13
10t cycle 3016 38+ 16
graphite Il sulfur, Mg-Pyr | graphite Il sulfur, Mg-Pyr
graphite Il AC, Mg-Pyr[2] WE:CE = 1:6, WE:CE = 1:6,
CE = no potential limits CE = potential limits
:AD::_I1 Cert ! % r::::_l1 Cen ! % r::::_l1 Cert ! %
1st cycle 29+ 1 74 + 1 313 54 +3 126+ 0.7 15.2+0.1
2nd cycle 23+2 96.3+0.3 28+3 89.6+£0.5 9.8+0.7 762
10t cycle 28+4 98.9+0.3 333 94 +1 8.7+0.6 90.9+0.3
50t cycle 34+4 99.5+0.1 3612 95.0+£0.9 112 92.8+0.8
100" cycle 354 99.7 £ 0.1 366 95+ 1 175 92.1+0.9
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Table S4. SDCs and Cess of graphite | AC (WE Il CE; black, data taken from ref. [2], published under
the terms of a CC BY 4.0 license, https://creativecommons.org/licenses/by/4.0/) and graphite Il sulfur
(WE Il CE) Swagelok-type cells (three-electrode configuration, half-cell setup) with 1 M LiTFSI in
Pyr14TFSI (Li-Pyr) and a Li metal (Li|Li*) quasi reference electrode. The cells were cycled at 20 °C with
various currents from 10 to 1000 mA g~ after one cycle at 10 mA g~ and 30 cycles at 100 mA g™ (the
5th cycle of each specific current is displayed) with cut-off potentials of 3.4 and 4.9 V vs. Li|Li* for the
WE and additional limits of 1.5 to 3.0 V vs. Li|Li* for the CE (only for selected graphite Il sulfur cells).

graphite Il sulfur, Li-Pyr graphite Il sulfur, Li-Pyr
graphite Il AC, Li-Pyr[2] WE:CE = 1:6 WE:CE =1:6
CE = no potential limits CE = potential limits
10 406 895 405 612 35+4 675
20 38+6 94+3 42 +4 8112 309 853
50 36+6 97 £ 1 42+ 3 923+0.7 24 £10 93.8+0.3
100 34+6 98 + 1 41+2 96.3+0.4 1919 96.5+0.6
200 33+6 99.1+£0.6 379+ 0.7 98.2+0.2 14 +8 98.0+0.9
300 315 99.4+04 36.2+0.5 98.8+0.2 11+8 99 +1
500 305 99.7+0.3 342 99.3+ 0.1 817 99.2+0.9
1000 25+4 99.9+0.2 324 99.5+ 0.1 4+4 973
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