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Fig S1 The dissolving free energies of  and 𝑃ℎ𝑆𝑛𝐿𝑖(1 ≤ 𝑛 ≤ 13) 𝐿𝑖2𝑆𝑛(𝑛 = 4,6,8)

Table S1 The discharge reactions, reaction energies and corresponding voltages of  𝑃ℎ𝑆𝑛𝑃ℎ

(1 < 𝑛 ≤ 15).

𝐿𝑎𝑏𝑒𝑙 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝐺𝑟𝑒𝑐(𝑒𝑉) 𝑉𝑜𝑙𝑡𝑎𝑔𝑒(𝑉) 𝐹𝑒𝑎𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦
R1 𝑃ℎ𝑆2𝑃ℎ 𝑃ℎ𝑆2𝑃ℎ + 2𝐿𝑖→2𝑃ℎ𝑆𝐿𝑖 ‒ 5.07 2.54 √
R1 𝑃ℎ𝑆3𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 + 𝑃ℎ𝑆𝐿𝑖 ‒ 5.11 2.55 √
R3

𝑃ℎ𝑆3𝑃ℎ 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R1 𝑃ℎ𝑆4𝑃ℎ + 2𝐿𝑖→2𝑃ℎ𝑆2𝐿𝑖 ‒ 5.13 2.57 √
R3

𝑃ℎ𝑆4𝑃ℎ 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R1 𝑃ℎ𝑆5𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆3𝐿𝑖 ‒ 5.05 2.53 √
R2 𝑃ℎ𝑆3𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.03 2.52 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆5𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆6𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆4𝐿𝑖 ‒ 5.05 2.53 √
R2 𝑃ℎ𝑆4𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.94 2.47 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆6𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆7𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆5𝐿𝑖 ‒ 5.08 2.54 √
R2 𝑃ℎ𝑆5𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆3𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.01 2.51 √
R2 𝑃ℎ𝑆3𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.03 2.52 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆7𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆8𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆6𝐿𝑖 ‒ 5.29 2.65 √
R2 𝑃ℎ𝑆6𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆4𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.92 2.46 √
R2 𝑃ℎ𝑆4𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.94 2.47 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆8𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆9𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆7𝐿𝑖 ‒ 5.25 2.63 √
R2 𝑃ℎ𝑆7𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆5𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.83 2.42 √
R2 𝑃ℎ𝑆5𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆3𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.01 2.51 √
R2 𝑃ℎ𝑆3𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.03 2.52 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆9𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆10𝑃ℎ 𝑃ℎ𝑆10𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆8𝐿𝑖 ‒ 5.36 2.68 √

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2019



R2 𝑃ℎ𝑆8𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆6𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.04 2.52 √
R2 𝑃ℎ𝑆6𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆4𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.92 2.46 √
R2 𝑃ℎ𝑆4𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.94 2.47 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3 𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆11𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆9𝐿𝑖 ‒ 4.88 2.44 √
R2 𝑃ℎ𝑆9𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆7𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.49 2.75 √
R2 𝑃ℎ𝑆7𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆5𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.83 2.42 √
R2 𝑃ℎ𝑆5𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆3𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.01 2.51 √
R2 𝑃ℎ𝑆3𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.03 2.52 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆11𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆12𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆10𝐿𝑖 ‒ 5.31 2.66 √
R2 𝑃ℎ𝑆10𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆8𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.07 2.54 √
R2 𝑃ℎ𝑆8𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆6𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.04 2.52 √
R2 𝑃ℎ𝑆6𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆4𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.92 2.46 √
R2 𝑃ℎ𝑆4𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.94 2.47 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆12𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆13𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆11𝐿𝑖 ‒ 4.99 2.50 √
R2 𝑃ℎ𝑆11𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆9𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.83 2.42 √
R2 𝑃ℎ𝑆9𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆7𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.49 2.75 √
R2 𝑃ℎ𝑆7𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆5𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.83 2.42 √
R2 𝑃ℎ𝑆5𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆3𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.01 2.51 √
R2 𝑃ℎ𝑆3𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.03 2.52 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆13𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆14𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆12𝐿𝑖 ‒ 5.21 2.61 √
R2 𝑃ℎ𝑆12𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆10𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.03 2.52 √
R2 𝑃ℎ𝑆10𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆8𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.07 2.54 √
R2 𝑃ℎ𝑆8𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆6𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.04 2.52 √
R2 𝑃ℎ𝑆6𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆4𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.92 2.46 √
R2 𝑃ℎ𝑆4𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.94 2.47 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆14𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √
R1 𝑃ℎ𝑆15𝑃ℎ + 2𝐿𝑖→𝑃ℎ𝑆2𝐿𝑖 +  𝑃ℎ𝑆13𝐿𝑖 ‒ 5.23 2.62 √
R2 𝑃ℎ𝑆13𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆11𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.79 2.40 √
R2 𝑃ℎ𝑆11𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆9𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.83 2.42 √
R2 𝑃ℎ𝑆9𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆7𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.49 2.75 √
R2 𝑃ℎ𝑆7𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆5𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 4.83 2.42 √
R2 𝑃ℎ𝑆5𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆3𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.01 2.51 √
R2 𝑃ℎ𝑆3𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆2 ‒ 5.03 2.52 √
R3 𝑃ℎ𝑆2𝐿𝑖 + 2𝐿𝑖→𝑃ℎ𝑆𝐿𝑖 + 𝐿𝑖2𝑆 ‒ 4.36 2.18 √
R3

𝑃ℎ𝑆15𝑃ℎ

𝐿𝑖2𝑆2 + 2𝐿𝑖→2𝐿𝑖2𝑆 ‒ 3.80 1.90 √


