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Fig. S1 Proposed synthesis routines.
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Fig. S2 Actual synthesis routines.

Fig. S1 describes the proposed synthesis routines. However, the actual reactions are
different from Fig. S1, because the nucleophilicity of S,*~ decreases with the
increasing y value (Fig. S2). This is reflected in the decreasing yields (Table S1). The
unreacted 26DBAQ and remaining lithium polysulfide (Fig. S2) existed in the liquid
solution and were seperated from the solid products (26PAQS,). This would lead to a
difference of the sulfur contents between the starting materials (y of Li,S, in Fig. S2)
and the products (x of 26PAQS, in Fig. S2). The actual sulfur contents of the products
were determined by EDS and ICP and shown in Fig. 1b of the main text.

Table S1 Yields of 26PAQS, 26PAQS, 4, 26PAQS, ¢ and 26PAQS, .

Yields
26PAQS 64
26PAQS, 4 52
26PAQS, 4 35
26PAQS, , 20
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Fig. S3 EDS of (a) 26PAQS, (b) 26PAQS 4, (c) 26PAQS, ¢ and (d) 26PAQS, .
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Fig. S4 (a) XRD patterns and (b) Ols XPS spectra of 26PAQS, 26PAQS, 4,
26PAQS; 9, 26PAQS,, and 26DBAQ.

The C=0 (287.1 eV)/C-0 (285.5 eV)/C—C (284.8 eV) peaks in the C 1s spectra and
the C-O (533.1 eV)/C=0 (531.1 eV) peaks in the O 1s spectra verify that the
conjugated carbonyl group remains stable during the polymerization.



Fig. S5 SEM images of (a) 26PAQS, (b) 26PAQS;4, (c) 26PAQS;s and (d)

26PAQS, .
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Fig. S6 Charge/discharge profiles of (a) 26PAQS, (b) 26PAQS 4, (¢c) 26PAQS, ¢ and

Mg batteries
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(d) 26PAQS;, at 50 mA g .
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Fig. S7 Cycling performances of (a) 26PAQS, (b) 26PAQS, 4, (¢) 26PAQS, ¢ and (d)
26PAQS;, at 50 mA g
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Fig. S8 CV curves of (a) 26PAQS, (b) 26PAQS, 4, (¢c) 26PAQS, 9 and (d) 26PAQS;,
in Mg electrolytes at first three cycles (0.1 mV s1).
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Fig. S9 CV curves of (a) 26PAQS, (b) 26PAQS, 4, (c) 26PAQS,  and (d) 26PAQS,
in Mg electrolytes after activations (0.1 mV s1).
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Fig. S10 (a) Charge/discharge curves and (b) cycling performance of KB. The mass
of KB was the same as that contained in the 26PAQS, cathodes, and the mass of the
active material was set the same as the 26PAQS; electrode for a comparison.
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Fig. S11 Charge/discharge profiles of (a) 26PAQS and (b) 26PAQS;y at different

current densities.



Table S2 Energy density calculation of rechargeable Mg batteries.

izl Co(mAhgh) | Ca(mAhg?) oA - Sp‘i\‘j:,chk'Eg?1‘§rgy

(PhMgCl),-

MogSq! R 2205 0.1041 40.88
MosSey? (PhMCI),-AICIy THF 80 2205 105 28.1
DMBQ? MQ(TF,SD'h)ﬁ'EZMQC'Z 295 2205 0.07767 43.82 2.00 722
PHV-CI*  (PhMgCI),-AICI/THF 171 2205 0.1041 40.88 1.30 423

Ma(TFS1),-MgCl,
5
NP e 70 2205 0.0291 16.42 1.60 212
Mg-14PAQS MQ(HM?T%F"‘MQC'? 133 2205 0.1032 58.23 1.38 54.6
P(NDIZOD-T2)  Mg(TFSI),/diglyme 54 2205 / / 1.42 74.8
Mg-P14AQ7  Mg(TFSI),/diglyme 1903 2205 / / 1.37 2431
COF® Mg(TFSI),/DME 114 2205 / ! 1.35 146.4
Cu,,Se? OHMBS) 28 CL 214 2205 / / 1.00 195.1
/diglyme

EVS, (PAMgCI),-AICITHE 237 2205 0.1041 40.88 1.03 343
GO-V,05" Mg(AICI2BuEt),-THF 180 2205 0.0992 13.56 1.50 18.8
Moz TiaCoT, 2 (PhMgCI),-AICL/THF 210 2205 0.0562 22.08 1.50 29.7
PA-VOPOQ,'? (PhMgCl),-AlCI/ THF 275 2205 0.0690 27.08 1.00 244
PEO-MoS,'* (PhMgCl),-AlICI/ THF 70 2205 0.1037 40.74 0.70 17.8
TiS, ' (PhMgCl),-AlICIy/ THF 160 2205 0.1041 40.88 0.90 28.9
VSA@Ti,CHC'®  (PhMgCl),-ACIyTHF 490 2205 0.0690 27.08 1.00 254
26PAQS,;  Mg(TFSI),-2MgCl/DME 276 2205 / / 151 367.9
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Fig. S12 (a) GITT profiles and (b) Mg?* diffusion coefficients of 26PAQS; . (c) CV
curves of PAQS;  at different scan rates. (d) i, vs. —v'? plots for the redox peaks of
PAQS,,.
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Fig. S13 Calculation details of GITT.

The Mg?* diffusivity can be calculated via the following formula:

DGITT=i MV 2 E5),
T\ MgS | \ AE,

Where t refers to constant current pulse time, mg and Mg are the mass, molar
mass of the cathode material, respectively. V7, is the molar volume of the compound
and § is the area of electrode-electrolyte interface. AEg is voltage difference during a
single-step experiment, and AE; is the total change of cell voltage during a constant
current pulse.

Table S3 Calculation of Mg?* diffusion coefficients at 1.1 mV s7.

[Fh D (cm?s)
Discharge 1.023 6.80x10°
charge 1.367 1.21x10%

The diffusion coefficient of Mg?" is calculated by the following Randles-Sevcik
Equation:
,=2.69%x105132ADV2y12C,
where i, is the peak current (A), n is the number of electrons per molecule during the
reaction, 4 is the contact area between the electrode and electrolyte , D is the
diffusion coefficient of Mg?* (cm? s7!), Cy is the concentration of Mg?* ion in the
electrode material, and v is the scan rate (V s™).



Calculation of specific energy for rechargeable Mg batteries: 8
For energy density calculation of Mg batteries without considering electrolyte

mass, the calculation is based on the following equations:

Ec=E/(Cr+CH

where E is the average discharge voltage, Ce is specific capacity of cathode, Ca is

specific capacity of anode.
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