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Fig. S1 Proposed synthesis routines.

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 Sy

2‒ 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 (26PAQSx). This would lead to a 
difference of the sulfur contents between the starting materials (y of Li2Sy in Fig. S2) 
and the products (x of 26PAQSx 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, 26PAQS1.4, 26PAQS1.9 and 26PAQS2.2.
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Fig. S3 EDS of (a) 26PAQS, (b) 26PAQS1.4, (c) 26PAQS1.9 and (d) 26PAQS2.2.

Fig. S4 (a) XRD patterns and (b) O1s XPS spectra of 26PAQS, 26PAQS1.4, 
26PAQS1.9, 26PAQS2.2 and 26DBAQ.
The C=O (287.1 eV)/C‒O (285.5 eV)/C‒C (284.8 eV) peaks in the C 1s spectra and 
the C‒O (533.1 eV)/C=O (531.1 eV) peaks in the O 1s spectra verify that the 
conjugated carbonyl group remains stable during the polymerization.
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Fig. S5 SEM images of (a) 26PAQS, (b) 26PAQS1.4, (c) 26PAQS1.9 and (d) 
26PAQS2.2.

Fig. S6 Charge/discharge profiles of (a) 26PAQS, (b) 26PAQS1.4, (c) 26PAQS1.9 and 
(d) 26PAQS2.2 at 50 mA g‒1.
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Fig. S7 Cycling performances of (a) 26PAQS, (b) 26PAQS1.4, (c) 26PAQS1.9 and (d) 
26PAQS2.2 at 50 mA g‒1.

Fig. S8 CV curves of (a) 26PAQS, (b) 26PAQS1.4, (c) 26PAQS1.9 and (d) 26PAQS2.2 
in Mg electrolytes at first three cycles (0.1 mV s‒1).
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Fig. S9 CV curves of (a) 26PAQS, (b) 26PAQS1.4, (c) 26PAQS1.9 and (d) 26PAQS2.2 
in Mg electrolytes after activations (0.1 mV s‒1).

Fig. S10 (a) Charge/discharge curves and (b) cycling performance of KB. The mass 
of KB was the same as that contained in the 26PAQSx cathodes, and the mass of the 
active material was set the same as the 26PAQSx electrode for a comparison.
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Fig. S11 Charge/discharge profiles of (a) 26PAQS and (b) 26PAQS1.9 at different 
current densities.
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Table S2 Energy density calculation of rechargeable Mg batteries.
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Fig. S12 (a) GITT profiles and (b) Mg2+ diffusion coefficients of 26PAQS1.9. (c) CV 
curves of PAQS1.9 at different scan rates. (d) ip vs. ‒v1/2 plots for the redox peaks of 
PAQS1.9.
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Fig. S13 Calculation details of GITT.

The Mg2+ diffusivity can be calculated via the following formula:

𝐷𝐺𝐼𝑇𝑇 =
4

𝜋𝜏(𝑚𝐵𝑉𝑀

𝑀𝐵𝑆 )2( △ 𝐸𝑠

△ 𝐸𝜏
)2

Where τ refers to constant current pulse time, mB and MB are the mass, molar 
mass of the cathode material, respectively. Vm is the molar volume of the compound 
and S is the area of electrode-electrolyte interface. ∆ES is voltage difference during a 
single-step experiment, and ∆Eτ is the total change of cell voltage during a constant 
current pulse.

Table S3 Calculation of Mg2+ diffusion coefficients at 1.1 mV s‒1.

The diffusion coefficient of Mg2+ is calculated by the following Randles-Sevcik 
Equation:

ip=2.69×105n3/2AD1/2ν1/2C0 

where ip is the peak current (A), n is the number of electrons per molecule during the 
reaction, A is the contact area between the electrode and electrolyte , D is the 
diffusion coefficient of Mg2+ (cm2 s−1), C0 is the concentration of Mg2+ ion in the 
electrode material, and v is the scan rate (V s−1).
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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:

𝐸𝑆 = 𝐸/(𝐶 ‒ 1
𝑐 + 𝐶 ‒ 1

𝑎 )

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

specific capacity of anode.
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