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Chemical and Materials
1-aminoanthraquinone (1-AAQ, 97%) was purchased from Aladdin. 1,5-diaminoanthraquinone (1,5-DAAQ, 97%), anhydrous magnesium chloride (MgCl2, 99.99%) and magnesium bis(hexamethylsilazide) (Mg(HMDS)2, 97%) were purchased from Sigma-Aldrich. N-butyl-N-methyl-piperidinium bis((trifluoromethyl)sulfonyl)imide (PP14TFSI) was purchased from Lanzhou Central Kate Industry and Trade Co., Ltd. Anhydrous tetrahydrofuran (THF) was purchased from Alfa Aesar. Mg foils (0.05 mm thickness, 99.99%) were purchased from Huabei Magnesium Co. Ltd. All chemicals were used without further purification.

Preparation of the Mg(HMDS)2-4MgCl2/THF electrolyte
The Mg(HMDS)2-4MgCl2/THF electrolyte was prepared in an Ar-filled glovebox ([O2] < 0.1 ppm, [H2O] < 0.1 ppm) according to a modified process in the previous report.30 Briefly, 1.25 mmol of Mg(HMDS)2 (431.35 mg) and 5 mmol of anhydrous MgCl2 (476.05 mg) were added into 5 mL of anhydrous THF solution under continuous stirring. Then, 2.5 mL of PP14TFSI was added to the above solution and vigorously stirred for 50 h. The concentration of the as-prepared Mg(HMDS)2-4MgCl2/THF electrolyte is 0.83 M.

Electrochemical measurements
[bookmark: OLE_LINK164]Briefly, 50 wt.% of the active material, 40 wt.% of super P carbon black, and 10 wt.% of polyvinylidene fluoride (PVDF) were mixed in N-methyl-2-pyrrolidone (NMP) solvent and stirred for 5 h to form a slurry. Afterward, the slurry was coated on carbon paper and dried under vacuum at 60 °C for 24 h. Then, the electrode was cut into small disks with a diameter of 14 mm. The areal loading of the active material was about 2.0 mg cm-2. The CR 2032 coin cells were assembled using Whatman glass fiber as the separator and Mg foil as the counter electrode in an Ar-filled glovebox. For the assembly of each coin cell, 40 μL of the as-prepared electrolyte was used. Galvanostatic discharge/charge measurements were conducted on a LAND CT2001A battery test system in a voltage range of 0.2-2.6 V (vs. Mg2+/Mg). Electrochemical impedance spectroscopy (EIS) measurements were performed in a frequency range from 100 kHz to 0.01 Hz on an electrochemical workstation (Chenhua, CHI-760E). The galvanostatic intermittent titration technique (GITT) tests were conducted at 100 mA g-1 for 20 min followed by a rest time of 30 min to reach the steady-state voltage.

Characterizations
Attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectra were measured on a Nicolet iS50 spectrometer. UV-Vis absorption spectra in the solid state were collected in a wavelength range of 200-850 nm using BaSO4 as the matrix powder (Shimadzu UV-2600). A field-emission scanning electron microscope (FESEM, FEI Nova NanoSEM 450) coupled with an X-ray energy dispersive spectroscope accessory (EDS, Burker X-flash 6|30) were used to analyze the morphological and compositional features of the samples. In-situ Raman spectroscopy was performed on a Horiba JY Evolution Raman spectrometer coupled with an in-situ Raman characterization electrochemical cell during charge-discharge cycles at the current density of 100 mA g-1. To avoid the possible influence of photoluminescence, a laser source of 473 nm wavelength (blue) was used to excite the Raman signals. For ex-situ characterizations, the electrodes were discharged to 0.7 V, fully discharged to 0.1 V, or fully charged to 2.6 V at a current density of 100 mAh g-1, and then the electrodes were removed from the cell in a glovebox, and washed with THF three times to remove residual electrolyte. Then the electrodes were subsequently dried at 40℃ under vacuum for 6 h to remove residual THF. Ex-situ XPS spectroscopy was conducted on a PHI-5000 VersaProbe Ⅲ X-ray photoelectron spectrometer.
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Figure S1. Digital photographs depicting that the electrode disks based on 1-AAQ (top) and 1,5-DAAQ (bottom) monomers contacted with Mg(HMDS)2 electrolyte can be spontaneously polymerized into PAAQ and PDAAQ, respectively.
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Figure S2. Optical photographs were immediately taken after the addition of different amounts of Mg(HMDS)2 powder into 0.7 mL THF solution of (a) 1-AAQ or (b) 1,5-DAAQ (7.7 mg). The corresponding concentrations of Mg(HMDS)2 from No.1 to No.7 are 160 mM, 80 mM, 40 mM, 20 mM, 8 mM, 4 mM, 2 mM, and 0, respectively.
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Figure S3. CV curves of the Mg||PAAQ battery at a scan rate of 0.1mV s-1.
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Figure S4. EIS data of PAAQ and PDAAQ electrodes.


[image: ]Figure S5. Long-term cycling test of PDAAQ electrodes at a high current density of 4000 mA g-1.


[image: ]
Figure S6. Cycling performances of (a) small molecule anthraquinone (AQ) cathode and (b) commercial PANI cathode at a current density of 100 mA g-1, respectively.
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Figure S7. Ex-situ EDS patterns of PDAAQ electrode at different discharge/charge states after initial five cycles.




Table S1. Electrochemical performance comparisons of PDAAQ and PAAQ with other previously reported organic cathode materials for RMBs.
	Ref.
	Material
	Potential
(vs. Mg2+/Mg)
	Rate capability 
(mAh g-1)
	Maximum discharge capacity
(mAh g-1)
	Capacity retention

	This work
	

	1.5 V
versus Mg/Mg2+
	221.6 (100 mA g-1)
131.6 (500)
109.0 (1000)
84.6 (2000)
44.7 (4000)
	254
(100 mA g-1)
	8000 cycles,
64.5 mAh g-1
(2000 mA g–1)

	This
work
	

	1.8 V
versus Mg/Mg2+
	94.3 (100 mA g-1)
77.4 (500)
67.6 (1000)
60.3 (2000)
	124
(100 mA g-1)
	6000 cycles,
53.9 mAh g-1
(2000 mA g–1)

	[17]
	

	1.6 V
versus Mg/Mg2+
	130 (100 mA g-1)
63.2 (500)
	130
(100 mA g-1)
	 4000 cycles,
53.6 mAh g-1
(500 mA g–1)

	[31]
	[image: ]
	2.0 V
versus Mg/Mg2+
	-
	226
(63.8 mA g-1)
	30 cycles,
74 mAh g-1
(63.8 mA g-1)

	[5]
	[image: ]
	1.5~0.5 V
versus Mg/Mg2+
	100 (500 mA g-1)
	225
(50 mA g-1)
	100 cycles,
~50 mAh g-1
(50 mA g-1)

	[2]
	[image: ]
	1.55 V
versus Mg/Mg2+
	122 (130 mA g-1)
~42 (650)
	122
(130 mA g-1)
	100 cycles,
~82 mAh g-1
(130 mA g-1)

	[2]
	 [image: ]
	1.5 V
versus Mg/Mg2+
	133 (130 mA g-1)
~50 (650)
	133
(130 mA g-1)
	100 cycles,
~131 mAh g-1
(130 mA g-1)

	[4]
	[image: ]
	1.7 V
versus Mg/Mg2+
	~48 (500 mA g-1)
	85
(50 mA g-1)
	100 cycles,
~85 mAh g-1
(50 mA g-1)

	[8]
	[image: ]
	1.05 V
versus Mg/Mg2+
	-
	81.2
(22.8 mA g-1)
	20 cycles,
20 mAh g-1
(22.8 mA g-1)

	[10]
	[image: ]
	1.45 V
versus Mg/Mg2+
	130 (150 mA g-1)
60 (1500)
48 (3000)
	130
(150 mA g-1)
	200 cycles,
120 mAh g-1
(150 mA g-1)

	[32]
	[image: ]
	1.6 V
versus Mg/Mg2+
	126 (200 mA g-1)
~58 (300)
~30 (500)
	~126
(200 mA g-1)
	150 cycles,
100 mAh g-1
(200 mA g-1)

	[13]
	[image: ]
	1.0 V
versus Mg/Mg2+
	~89 (100 mA g-1)
~87 (200)
	~90
(50 mA g-1)
	2000 cycles,
73 mAh g-1
(1000 mA g-1)

	[13]
	[image: ]
	
	
	
	

	[33]
	[image: ]
	2.0 V
versus Mg/Mg2+
	~80 (100 mA g-1)
~40 (1000)
~23 (2000)
	~80
(100 mA g-1)
	1000 cycles,
38 mAh g-1
(500 mA g-1)

	[3]
	[image: ]
	1.5 V
versus Mg/Mg2+
	132 (183 mA g-1)
87 (732)
73 (1830)
59 (3660)
	132
(183 mA g-1)
	8000 cycles,
39 mAh g-1
~3660 mAh g-1

	[3]
	[image: ]
	1.5 V
versus Mg/Mg2+
	161 (158 mA g-1)
118 (632)
84 (1580)
63 (3160)
	161
(158 mA g-1)
	8000 cycles,
42 mAh g-1
~3160 mAh g-1


Abbreviations:
AN = acetonitrile
THF = tetrahydrofuran
DME = diglyme
DMSO = dimethylsulfoxide
APC = [AlCl3][PhClMg]
Mg(TFSI)2 = magnesium(II) bis(trifluoromethane sulfonyl)imide

image3.tiff
Supplementary Fig 4

Current (10-5A)

3
— st
2
1
0
14
Scan rate: 0.1 mV s
00 05 10 15 20 25 30

Voltage (V)





image4.tiff
Supplementary Fig 5

12

-Z” (x 103 ohm)

—— PAAQ
—— PDAAQ

0o 2 4 6 8 10

Z' (x 103 ohm)

12




image5.tiff
Specific capacity (mAh g)

120

90+

604 57.7 mAh g

3 3

30 o

T AR T e R TR e T T R P P P R T TR PR

120

L,to0

38.8 mAh g’

Current density: 4000 mA g

it Btk o it N,

60

r30

1

0 500

1000 1500
Cycle number

2000

0
2500

Coulombic efficiency (%)




image6.tiff
L
N
=
=}

g’

Specific capacity (mAh

160

120

]
o

IS
o

120
AQ cathode .
[ 100
w [ >
Rl
5
,60 =
1 o
M- 40 £
o
Lo 8

Current density: 100 mA g

Cycle number

r T T r r 0
0 100 200 300 400 500 600

=3

N
3]
o

Specific capacity (mAh g')

200

150

100

o
o

120
Commercial PANI cathode
’ 100
2 r80
60
U' MV 40
20
Current density: 100 mA g-'
T T T 0
0 100 200 300 400

Cycle number

%

Coulombic efficiency




image7.tiff
Supplementary Fig 6

a

T
(1]

Discharged to 0.7 V Discharged to 0.1 V EZEANIZ0 Charged t0 2.6 V
CK

9345 CK 78.29 CK 83.88

oK 4.07 M oK 4.66 oK 323

_ FK 132 — 9 FK 545 -~ FK 442

i MgK 059 i MgK 337 2 M MgK 146

< sk om0 < sk o8 < 9 SK 130
P 2 2

AE ClIK 0.48 E ClIK 229 4‘-:‘ CIK 0.87
5 5 5
o Q Q
[} o o

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Binding energy (eV) Binding energy (eV) Binding energy (eV)




image8.emf
H

N

O O

H

N

O O

y

N

H

1-y

N

H

O O

O O

A

-

A

-

A

-

: hexamethyldisilazide anion



image9.emf
H

N

O O

H

N

O O

y

N

H

1-y

N

H

O O

O O

A

-

A

-

A

-

: hexamethyldisilazide anion



image10.emf
O

O

N

n



image11.emf
O

O

O

O


image12.emf
O

O s

n


image13.emf
O

O

n


image14.emf
O

O

n


image15.emf
n

N

N

O O

O O


image16.emf
N

OH

O C O

CH

3

n


image17.emf
n

N

N

O O

O O


image18.emf
O O

O

O O

O


image19.emf
N N

O

O O

O

n


image20.emf
N N

n


image21.emf
O

O

H

N

O

O

NH

O

O


image22.emf
n

N

N

O O

O O


image1.tiff
Supplementary Fig 1

s ] 7
m I

1-AAQ 1,5-DAAQ

N ]

PAAQ PDAAQ




image2.tiff
Supplementary Fig 2

1,5-DAAQ: 7.7 mg THF: 700 pL

@ 160 mM (38.6 mg) Mg(HMDS), & 8 mM (1.9 mg) Mg(HMDS),

@ 80 mM (19.3 mg) Mg(HMDS), ® 4 mM (0.96 mg) Mg(HMDS),
@ 40 mM (9.7 mg) Mg(HMDS), 7 2 mM (0.48 mg) Mg(HMDS),

@ 20 mM (4.8 mg) Mg(HMDS), ® No Mg(HMDS),




